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PREFACE. 


It  is  unnecessary  at  the  present  day  to  insist  upon  the  importance 
of  a  knowledge  of  chemistry,  and  particularly  of  physiological  and 
pathological  chemistry,  to  the  student  of  medicine ;  but  it  must  always 
be  carefully  borne  in  mind  that  just  as  the  proper  study  of  pathology 
requires  a  previous  knowledge  of  histology  and  physiology,  so  the  study 
of  physiological  chemistry  should  be  founded  on  a  well-grounded  and 
extensive  acquaintance  with  the  principles  of  general  chemistry.  Not, 
indeed,  until  a  close  connection  was  established  between  chemistry  and 
medicine  did  any  decided  advance  occur  in  the  latter;  and  by  its  means 
the  medicine  of  the  future  will  undoubtedly  be  still  further  enlightened 
and  extended.  Physiological  chemistry  promises  much  even  in  the  treat- 
ment of  disease ;  for  it  is  beginning  to  be  seen,  from  the  investigation 
of  the  molecular  constitution  of  different  bodies,  that  there  exists  a 
distinct  connection  between  their  specific  atomic  grouping  and  their 
physiological  action.  And  even  in  some  of  the  most  interesting  in- 
vestigations of  the  pathology  of  the  present  day — those  connected 
particularly  with  the  causation  of  infectious  diseases — ^physiological 
chemistry  will,  without  a  doubt,  take  a  mpst  prominent  place ;  for  there 
is  every  reason  to  believe  that  the  micro-organisms  which  play  so  im- 
portant a  part  in  these  diseases  really  act  by  virtue  of  a  ferment-working 
virus  or  zymosis  of  some  kind  which  accompanies  them  or  is  generated 
by  them.  The  hope  may  therefore  be  expressed  that  the  further  in- 
vestigation of  the  chemical  properties  of  these  microzymes  and  their 
respective  zymoses  will  shortly  lead  to  a  closer  acquaintance  with  their 
mode  of  action,  as  well  as  to  a  knowledge  of  how  to  stamp  them  out 
or  to  thwart  their  activity.  And  either  to  understand  them  or  to  be 
able  effectually  to  counteract  their  virulence  will  demand  a  great  in- 
crease upon  our  present  knowledge  of  the  chemistry  of  the  body  both 
in  health  and  disease. 

In  the  following  pages  an  attempt  has  been  made  to  present  the 

medical  student  and  practitioner  with  an  outline  of  the  most  important 

branches  of  physiological  chemistry;   but  to  render  the  work  more 

complete,  both  for  private  study  and  for  laboratory  purposes,  I  have 

been  compelled  to  introduce  brief  descriptions  of  such  bodies  as  sugars, 

•fats,  and  certain  salts,  etc.,  which  are  more  appropriately  treated  of  in 

works  upon  general  chemistry. 
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6  PREFACE. 

I  have  treated  my  subject  under  four  main  heads : — 

Book  I.  Nutrition  and  Foods. 
'*    IT.  Digestion  and  the  Secretions  concerned . 
"  III.    The   Chemistry  of  the   Tissues^   Organs,  and  Remaining 

Secretions. 
"  IV.    The  Excreta:  the  Fxces  and  urine. 

Every  effort  has  been  made  to  render  the  work  as  practical  as 
possible.  I  have  accordingly  confined  myself  chiefly  to  those  parts  of 
the  subject  which  bear  most  directly  upon  practical  medicine ;  and  I 
feel  sure  that,  by  following  the  indications  laid  down  throughout  the 
book,  effectual  assistance  will  often  be  given  to  the  physician  in  estab- 
lishing the  diagnosis  as  well  as  the  etiology  of  many  of  the  complicated 
diseases  he  may  be  called  to  treat  or  investigate. 

Temperatures  have,  with  a  few  exceptions,  been  stated  in  centigrade 
degrees.  A  choice  of  methods  and  processes  has  generally  been  given, 
particularly  when  there  is  any  difficulty  to  be  overcome;  and,  when  the 
importance  of  the  subject  merited  it,  not  only  the  methods  but  also  the 
theories  of  different  authorities  have  been  detailed. 

Discussions  of  unsettled  questions  have  as  much  as  possible  been 
avoided ;  and,  keeping  steadily  in  view  the  object  for  which  the  book 
is  intended,  the  author  has  been  compelled,  and  often  reluctantly,  to 
omit  many  subjects  and  details  that  in  themselves  are  highly  interesting 
and  instructive,  but  which  he  deemed  beyond  the  limits  of  the  present 
treatise.  Despite  his  wishes,  however,  the  book  has  far  outgrown  his 
original  intentions. 

The  urine,  as  being  from  a  physiological  as  also  a  pathological  point 
of  view  one  of  the  most  important  excretions  of  the  organism — many 
of  its  indications  being  of  the  most  precious  and  valuable  kind  to  the 
physician  and  surgeon  both  in  diagnosis  and  treatment — has  therefore 
been  treated  with  considerable  detail.  Some  of  the  most  approved 
methods  for  the  examination  of  this  fluid  have  been  given,  and,  iis  far 
as  possible,  all  its  indications  that  possess  a  diagnostic  value  have  been 
referred  to,  with  a  view  to  establishing  as  rational  a  line  of  treatment 
as  possible. 

In  the  syllabus  with  which  the  book  concludes  a  course  of  pro- 
cedure is  indicated  which  may  be  pursued  with  great  advantage  by  the 
student;  but  of  course  the  amount  of  work  to  be  done  will  largely 
depend  upon  the  time  at  his  disposal.  Unless,  however,  this  is  very 
limited,  it  would  be  greatly  to  his  benefit  to  go  through  the  scheme  I 
have  laid  down,  omitting  possibly  a  few  of  the  modes  of  preparation 
in  some  of  the  sections.     By  means  of  demonstrations  also  it  would 
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be  possible  to  lighten  his  labors  considerably;  and  only  in  this  way,  it 
seems  to  me,  will  the  student  be  able  to  grapple  successfully  with  the 
task  before  him.  But  it  must  be  confessed  that  it  is  far  too  commonly 
the  case  for  students  to  begin  the  study  of  physiological  chemistry  be- 
fore having  attained  any  accurate  acquaintance  with  general  chemistry. 
This  is  greatly  to  be  deplored,  for  under  such  circumstances  they  can- 
not derive  the  benefit  they  otherwise  would  be  sure  to  gain.  Not  only 
should  the  student  have  a  thorough  knowledge  of  the  elements  of 
general  chemistry,  but  it  would  also  favor  his  progress  greatly  if,  in 
addition  to  the  ordinary  practical  course  of  qualitative  analysis  gene- 
rally pursued,  he  performed  a  few  simple  quantitative  analyses. 

The  names  of  authorities  have,  as  a  general  rule,  been  quoted,  but 
references  have  been  entirely  omitted,  as  it  was  found  that  the  space 
which  would  have  thus  been  occupied  would  have  been  much  too  con- 
siderable in  a  mere  manual  like  the  present;  but  while,  as  far  as  I 
possibly  could,  I  have  acknowledged  in  the  brackets  throughout  the 
book  the  very  numerous  authorities  responsible  for  the  facts  or 
theories  stated,  yet  I  feel  that  I  should  at  least  mention  here  the 
works  to  which  I  have  been  particularly  indebted,  viz. :  H(\i>pe  Sey- 
ler's  "  Physiologische  Chemie"and  '*Handbuchd.  Physiologisch- und 
Pathologisch-Chemischen  Analyse,'*  Hermann's  "Handbuch  d.  Phy- 
siologic," Hofmann's  "  Lehrbuch  d.  Zoochemie,*'  Kt^HNE's  "Physiolo- 
gische  Chemie"  and  "  Untersuchungen  aus  d.  Physiologischen  Institute 
d.  Univ.  Heidelberg,"  Salkowski  and  Leube's  "Die  Lehre  vom 
Ham,"  Liebermann's  "  Chemie  d.  Menschen,"  PFLtJGER's  "  Archiv  f. 
Physiologic,"  Gautier's  "Chemie  appliqu^e,  a  la  Physiologic," 
Pa vy's  "Food and  Dietetics,"  Smith's  "Foods,"  Foster's  "Physi- 
ology," and  Watt's  "  Dictionary  of  Chemistry." 

Crofton  Lodoe,  Stbeatham, 

London,  S.W.  : 

March,  1884. 
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PHYSIOLOGICAL  AND  PATHOLOGICAL 

CHEMISTRY. 


BOOK    I. 


NUTRITION   AND    FOODS 


CHAPTER  I. 


APPARATUS  AND  CHEMICALS. 

m 

The  student  should  be  provided  with  the  followin*?  reagents: — 


Water,  rain  or  distilled. 
Alcohol,  absolute 

methylated  spirit. 
Ether. 
Chloroform, 
(ilycerin. 

Hydrochloric  acid. 

Nitric  '* 

Sulphuric      .   " 

Glacial  acetic  " 

Oxalic  '* 

Chromic 

Tartaric  -     (1:4). 

Tannic  •     (1  :  1()). 

Anmionia. 

Caustic   pcjtash,   in   sticks  and  in 

s<jlution  (1  :  2),  and  (1  :  8). 
Cau.stic  soda. 


Slaked  lime.  • 

Baryta  wat-er  (1  :  15). 

Alum. 

Amnumic  oxalate  ( 1  :  20 ). 
chloride  (1:8). 
''         carbonate  (1  :  4). 
molybdate.  ^ 
Bromine. 

'*       water  (1  :  30). 
Baric  chloride  (1  :  10). 
'•     nitrate  (1  :  12). 
"         "       (saturated). 
Bismuthic  nitrate. 
Calcic  chloride  (1  :  5). 

"•      carbonate. 
Chloride  of  lime. 
Copper  sulphate  (1  :  12). 
Chlorine  water." 
Iodine,  tincture. 


•  Slaked  Lime, — To  prepare  milk  of  lime  place  some  fragments  of  re- 
cently burnt  lime  in  a  cjipsule,  and  add  a  little  water,  stirring  the  mass  with  a 
glass  rod.  A  fine  powder  will  be  obtained,  w^hen  more  water  is  to  be  added  until 
a  milky-looking  fluid  is  obtained,  which  is  to  be  filtered  through  some  muslin. 

*  Molt/bdate  of  Ammonia. — Dissolve  4  grams  in  a  little  ammonia,  and  then 
add  about  00  c.c.  nitric  acid;  lay  aside  for  .some  time,  decant,  and  make  up  to 
loo  c.c.  with  water. 

^  Chlorine  Water. — Prepare  chlorine  gas  by  gently  wanning  some  black 
oxide  of  mangjuiese  with  strong  sulphuric  acid  in  a  small  retort,  and  piuss  the 


gas  into  water  to  saturation. 


Or  heat  the  following  mixture :  sodic  chloride  18,  black  mangjuiic  oxide  15, 
sulphuric  acid  45,  and  water  15. 

3  (33) 
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IijdiDc  so1uti<in  (3  grains  shaken  up 

with  1  oz.  wat«r).'' 
Indigo  solutioD. 
Iron  sulphate  (1  :  4). 
■■     sulphide. 
liitiuus  solution.* 
Liijuor  ferri  perehloridi  (1  :  10). 
Le«d  acetate  (1  :  8) 

(neutral  and  basic). 
Mii(rnesic  sulphate  (1  :  l>). 

'■  (saturated). 

Magnewia  mixture.^ 
.Mi'rcurouH  chloride  (cahimel). 
Mercuric  chliiride  (1  :  16). 

>lillon'K  reagent.' 

Magenta. 

I'latinic  chloride  (1  i  ID). 

Potassie  chnimate  (1  :  20 ). 

nitrate  (free  from  chloride). 


I'otassic  sulphocyanide. 

'■       ferrocyanide  (1  :  12). 
"       fcrricjanide  (1  ;  12). 
'■       iodide  (1  :  20). 
Kosolic  acid  (1  :  100  alcohol). 
Starch  solution.* 
Sodic  acetate. 

"     carbonate  (saturated  and  1 : 8). 
'■     chloride  (saturated). 
■'     phosphate    (saturated    and 
1  :  20). 
Sodie  Hulphate  (saturated), 
'■     nitroprusside. 
"     hypochlorite. 
Silver  nitrate  (1  :  30). 
Kulphuretled  hydrogen  and  ammo- 
nium sulphide.' 
Tin  protochloride. 
Zinc  chloride. 


*  Soladon  of  Jot/iiie. — DiMSdlve  2  parts  potsiwic  iodide  in  100  parts  water. 
and  then  add  1  part  iodine  and  shake  well. 

*  Litmut  Solution. — Place  10  grains  litmus  cake  in  i  litre  distiUcd  water, 
leave  it  to  digest  in  a  warm  place  for  3  or  -1  hours,  and  then  decant  the  clear 
liquid  from  the  sediment.  To  half  of  it  add  a  few  drops  very  dilute  sulphuric 
acid  until  a  faint  reddish  or  violet  tinge  is  obtained;  and  to  the  other  half  a 
verj-  little  dilute  alkali  until  it  becomes  blue. 

'  Hagiiesui   Mixture. — Crystallized  sulphate  of   magnesia    1, 
chloride  2,  umuionia  4,  water  8.     Mix  well  ti^'ether. 

'  Mffiin't  Reagent. —  1  ]iart.  mercury  is  treated 
with  2  parts  nitric  acid  (sp.  gr.  1-4)  in  the  cold. 
and  then  over  a  water  hath  till  completely  dirwolved ; 
it  is  to  be  diluted  with  2  parts  water,  and  the  clear 
liijuid  decanted  afler  H  or  4  hours. 

*  Starch  Soluiion. — Hub  1  part  starch  with  8 
parts  cold  water  in  a  mortar;  then  pour  the  mixture 
slowly  into  40  parts  boiling  water. 

'  Sulphuretted  Hydrogen.- — Prepare  this  when 
re<|uircd,  using  a  large  wide-mouthed  bottle  half  filled 
with  dilute  sulphuric  acid.  The  cork  of  this  bottle  is 
pierced  by  two  holes,  through  one  of  which  parses 
tightly  a  strong  glass  rod  hooked  upwards  at  its  lower 
end.  This  hook  supports  a  small  porcelain  dish 
pierced  with  holes,  and  in  which  fragments  of  ferric 
sulphide  lire  placed.  The  other  hole  in  the  cork  con- 
tains the  tube  for  the  escape  of  the  gas,  and  to  this  is 
fitted  II  wide  drying  tube  filled  with  cotton.  When 
the  gaa  Ls  nt^-dcd.  lower  the  ferric  sulphide  lutii  the 
acid  by  pushiug  down  the  supj>orlin<{  rtid;  by  raisin-; 
it  agun  the  evolution  of  gas  ceases.  It  is  advisable 
to  wash  the  gait  by  passing  it  tlm>ugh  a  little  water. 

Amtnonie  Sulpliide. — Prepare  this  by  saturating, 
say,  60  c,e.  lifjuor  ainmoniie  with  hydric  sulphide  gas. 
and  adding  to  it  40  l-,c,  more  of  the  liij 
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Of  APPARATUS  it  is  well  to  be  provided  with  the  following  :- 


Test  tubes  fl2). 

Test-tube  rack  with  drainin<;  pegH. 

Small  fuDDels  ( j  oz.,  2  oz..  -i  i>z..  8 

oz..  lOoz.) 
Small  tube  funnebi. 
Glass  rods. 

"     tubing  of  different  diaineterH. 
Wajih  bottle  (water), 
(spirit). 
Two  iir  three  neate  of  beakerM. 
Flanks  of  different  sizes,  including 

Florence  flasks. 
Poreelain  evaporating  dishes. 
Small  ronical  glasses. 
^'atch  (ilassefl. 
Water  bath. 
Sand  bath. 
Spirit  lamp. 
Bunsen  lamp, 
Riwc  or  ring  burner. 
Blowpipe. 

Throe-eomered  and  rat-tniled  tiles. 
Cork-b.)rerB. 

Spatulas — one  of  platinum. 
Crucible  tongs, 
Wire  triangles. 


Retort  stands  provided  with  rings 

of  different  sizes. 
Pincers. 
Forceps. 
Woulf  "s  b-ittles. 
Wedgwood  mortar  {1  pint). 
Small  mortar. 
Platinum  foil, 
■'        wire. 
Small  p()rcclain  crucibles. 

distillation  appanitus. 
\n  air  bath. 

Thermometer  indicating  up  to  1.^(1° 
.\n  ordinary  balance. 
A  chemical  balance. 
India  rubber  tubing. 
Sheet  india  rubber. 
A  microscope. 
A  poluriscope. 
Klides  and  cover  gbuscK. 

Pipetteit. 

Graduated  pipettes. 

Glass  measures. 

A  set  of  JIohr'H  burettes. 

Filtering  paper. 

Blue  and  red  litmus  paper. 

Litmus  solution  and  cake. 

Slips  of  pa]ier  pR!i>ared  with  ace- 
tate of  load,  turmeric,  and  am- 
monium molybdate. 

Pipettet  arc  glass  tubca  gradu- 
ated MO  as  to  deliver  exact  ijuanti- 
tics  cif  liijuid,  as,  say,  5  c.c,  H)  e.c. 
and  51)  c.c.  respectively.  They 
are  inserted  into  the  liijuid,  and 
thJH  is  sucked  up  tilt  it  nearly 
fills  the  pipette;  the  upper  end  is 
then  rapidly  covered  with  the  tip 
of  the  forefinger,  and  the  liquid 
allowed  to  escape  by  cautiously 
raising  the  finger  until  the  level  of 
the.  Iii)uid  is  opjHisitc  the  gradua- 
tion u)ark  desired. 

Oarettes. — Three  Jlohr's  bu- 
rettex  of  ■(*!  to  5(1  e,e.  capacity, 
graduated  in  J'  i)r  I'u  c.c.  Instead 
of  a  dip  there  may  be  used  n 
little  |)iece  of  glass  rod  rather 
more  than  j  of  an  inch  long  in- 
serted in  the  inilia  rnliber  tube, 
and  not  fitting  it  t.xi  tightly;  this 
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stops  the  passafrc  unlesw  when  the  tube  is  drawn  to  one  side  with  the  fin*rer 
and  thumb,  a  small  canal  being  thus  formed,  through  which  the  fluid  escapes. 


Cross  section  of  the  India  rubber  tube 
with  the  glass  rod  contained  in  it. 


Cross  section  showing  the  channel  at 
the  side  between  the  rod  and  the 
tube  formed  by  the  stretching  of 
the  latter  by  the  pressure  of  the 
finger  and  thumb. 


In  using  these  burettes  they  should  be  kept  scrupulously  clean,  particularly 
the  india  rubber  connections ;  and  before  beginning  to  use  them  fill  completely 
with  the  standard  solution  or  fluid,  and  let  some  of  it  escape  by  the  india 
rubber  until  the  column  of  liquid  stands  at  0°.  In  reading  the  graduations 
care  must  be  taken  that  the  tube  is  vertically  placed,  and  the  eye  on  the  same 
level  as  the  liquid  in  the  tube;  the  lowest  point  also  of  the  meniscus  is  to  be 
selected,  and  the  finding  of  this  can  often  be  facilitated  by  placing  a  small 
card,  half  of  which  is  white  and  half  black,  behind  the  tube,  the  upper  margin 
of  the  black  half  about  on  a  level  with  the  surface  of  the  liquid. 

Measuring  Flasks j  etc. — One  litre  flask  and  one  J -litre  flask ;  one  graduated 
cylindrical  glass  measure  of  about  500  c.c.  A  glass-stoppered  test-mixer, 
graduated,  and  capable  of  holding  about  2  litres,  is  useful  in  the.  preparation 
of  volumetric  solutions. 


CHAPTER   II. 


METHODS  AND  PROCESSES. 

Dialysis. — This  term  is  applied  to  the  separation  of  diffusible  from  non- 
diffusible  bodies.  Certain  substances  possess  the  property  of  passing  readily 
through  animal  membranes  or  vegetable  parchment,  while  others  are  devoid  of 
it.  Thus,  if  we  place  some  salts  in  solution  in  a  vessel  with  a  parchment 
bottom,  and  inmierse  the  vessel  in  water,  the  salts  will  penetrate  the  parch- 
ment until  the  densities  of  the  two  fluids  are  alike. 

The  diffusibility  of  substances  varies  greatly,  some  possessing  the  property 
much  more  than  others.  Thus,  of  the  four  bodies  hydrochloric  acid,  potassic 
chloride,  sodic  chloride,  and  magnesic  sulphate  the  diffusibility  is  greatest  with 
the  first  and  least  with  the  last. 

As  a  rule  diffusion  is  more  rapid  with  crystalline  bodies,  while  it  is  slow 
with  non-crystalline  bodies  like  gelatin;  and  accordingly  bodies  that  pass  thus, 
readily  through  or  penetrate  membranes  or  gelatinous  masses  are  cjdled  crystal- 
^>»V/s, while  those  not  possessing  the  property  are  named  collouh  (Graham). 
But  it  must  be  remembered  that  all  bodies  that  crystallize  (such  as  luemo- 
globin)  do  not  dialyse,  nor  are  all  non-crystalline  bodies  indiffusiblc;  the  non- 
crystalline peptones,  for  example,  diffuse  readily.  By  this  process  of  dialysis 
colloidal  substances  like  mucus,  albumen,  gelatin,  gum,  etc.,  can  be  separated 
from  crystalloids  like  salts  and  sugar. 

Diffusion  is  faKtred  by  agitation,  by  an  elevated  temperature,  and  by  a 
large  surface;  and  the  greater  the  difference  in  density  between  the  fluids  on 
each  side  of  the  membrane  the  greater  will  be  the  rapidity  of  the  diffusion. 
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The  process  will  therefore  be  quickened  by  changing  the  eiternal  fluid  fre- 
quently and  conceotrntin;;  that  contained  in  the  dialyser.  The  term  otmoK  a 
applied  to  this  passage  of  fluids  through  a  membrane,  this  being  simultaneously 
saturated  by  both  liquid)-,  and,  according  as  the  passage  is  inwards  or  outwards, 
the  process  is  named  emlmmose  or  exosmose  respectively.  The  attraction  or 
affinity  of  the  two  liquids  for  each  other,  and  the  difference  in  the  attraction 
the  diaphragm  eiercises  on  each  are  the  chief  factors  concerned.  The  siie  of 
the  molecules  of  the  substances  on  each  side  of  the  membrane,  and  of  the 
interatices  of  the  membrane  itself,  are  also  of  importance.  Thus  haemoglobin, 
although  a  crystalloid,  and  albumen,  etc.,  on  account  of  the  large  size  of  their 
molecules,  cannot  pass  through  or  dialysc.  Generally,  two  currents  traverse 
the  membrane  in  opposite  directions,  one  of  which,  however,  exceeds  the  other 
in  intensity ;  but  in  some  cases,  as  where  conceutrated  colloidal  solutions  are  on 
one  side  of  the  diaphragm  and  water  on  the  other,  the  water  alone  traverses 
the  membrane. 

A  diali/Kr  is  readily  made  by  tying  a  piece  of  soft,  moist  bladder  or  parch- 
ment paper  over  the  lower  mouth  of  a  glass  vessel  of  conical  or  bell  shape  and 
open  above.  Care  should  be  taken  to  tie  the  membrane  on  c«ry  tightly,  and 
the  niembrane  should  present  no  fissures:  accordingly,  after  the  tying  has  been 
completed,  ponr  water  into  the  dialyser  thus  made,  and  note  if  any  traces  of 
moisture  appear  on  (he  lower  side  of  the  membrane,  indiealing  solutions  of 
continuity ;  this  may  be  noted  directly  by  the  eye,  or  by  ]ilaciDg  the  dialyser 
on  a  sheet  of  blotting-paper.  If  so,  brush  some  white  of  egg  over  these  spois, 
and  plunge  the  membrane  into  hot  water  to  coagulate  the  albumen;  or,  if 
necessary,  slick  a  piece  of  fresh  parchment  over  these  points  by  means  of  the 
white  of  e^,  the  latter  being  coagulated  by  passing  a  hot  iron  over  the  patch. 
The  dialyser  thus  constructed  is  then  placed  upon  a  tripod  in  a  larger  vessel 
filled  with  water,  or  it  is  suspended  in  it  by  means  of  a  thread. 

Aiuither  convenient  form  consbts  of  a  double 
hoop  of  wood  or  gutta  percha,  the  inner  hoop 
betn;^  slightly  conical  and  about  two  inches 
deep,  and  the  outer  about  an  inch  deep,  the 
membrane  being  fixed  between  them.  This 
form  is  used  when  the  liquid  to  be  diffused 
amountAtoeightortcn  ounces;  and  it  is  allowed 
to  float  on  water  in  a  larger  vessel. 

Small  Dialyters  can  readily  be  made  from 
wide  test  tubes,  the  parchment  being  tied  over 
the  mouth  and  the  closed  end  cut  off. 

In  dialysing,  the  layer  of  liquid  inside  the 
dialyser  should  not  be  much  deeper  than  half 
or  three-quarters  of  an  inch,  and  it  is  to  be  „ 
gently  agitated  from  time  to  time ;  and  the  fluid 
outside  ought  to  be  at  least  four  or  five  times 
greater  in  amount. 

Decantation.— This  is  one  of  the  methods  employed  in  waihlni/  <i  precipi- 
fate  that  is  heavy  and  subsides  readily.  The  precipitate  is  vigorously  shaken 
up  with  successive  quantities  of  water,  which  is  poured  off  when  the  precipitate 
has  settled  down ;  and  it  is  advisable  to  let  It  run  along  a  wet  glass  rod  held  in 
contact  with  the  margin  of  the  containing  beaker.  At  this  point  a  little  lard 
should  be  smeared  on  the  outer  surface,  to  prevent  the  fluid  trickling  down  the 
outside  of  the  beaker. 

If  the  washing  is  done  on  a  large  scale  it  is  better  to  make  use  of  a  liplion. 
A  pipette  may  be  employed  to  suck  off  the  supernatant  liquid  when  it  is  present 
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in  small  amount,  and  sometimes  if  the  layer  is  very  thin  it  may  be  removed  by 
the  careful  introduction  of  a  fold  of  filter  paper. 

Siphons  and  pipettes  are  also  useful  in  separating  two  layers  of  different 
liquids  one  from  the  other. 

Desiccation. — By  this  process  the  hygroscopic  water  that  adheres  so  closely 
to  different  substances,  particularly  those  of  animal  origin,  is  removed.  As  a 
great  many  organic  substances  begin  to  decompose  at  temperatures  above  120° 
to  180°  C,  it  is  therefore  necessary  during  the  process  of  desiccation  to  main- 
tain the  temperature  between  100°  and  120°,  and  this  should  be  kept  constant 
as  far  as  possible.  Many  substances  bear  a  temperature  of  130°  to  140°  C. 
without  decomposition,  but  a  temperature  of  110°  is  the  most  generally  useful. 

A  square  or  cylindrical  strong  copper  box  that  can  be  readily  opened,  and 
which  is  provided  with  a  perforated  shelf  whereon  to  place  the  dish  containing 
the  preparation  to  be  dried,  and  with  an  opening  in  its  cover  in  which  a  ther- 
mometer is  fixed,  is  most  frequently  used  for  desiccation  purposes.  Care  must 
be  taken  that  neither  the  thermometer  nor  the  drying  dish  comes  in  direct 
contact  with  the  floor  or  wall  of  the  drying  chamber. 

A  toashed  precipitate  still  lying  in  its  funnel^  if  intended  to  be  dried,  may 
first  be  placed  in  a  small  wire  tripod  standing  upon  a  sheet  of  wire  gauze  c»r 
netting  that  is  supported  at  a  convenient  height  over  a  flame  by  another  larger 
wire  tripod.  When  nearly  dry  transfer  the  filter  with  its  contents  to  a  water 
bath ;  if  a  higher  temperature  is  required  to  complete  the  desiccation  recourse 
may  be  had  to  the  process  that  follows. 

A  good  plan  for  completing  the  drying  of  precipitates  on  filters,  when 
they  have  to  be  afterwards  weighed,  is  to  place  the  folded  filter  with  its  con- 
tained precipitate  between  two  watch  glasses  not  hermetically  closed,  to  transfer 
the  latter,  after  having  been  fixed  with  metal  clips,  to  the  interior  of  the 
desiccating  chamber  for  a  quarter  to  half  an  hour,  when  they  are  to  be  clipped 
a^  tightly  as  possible — the  wateh  glasses  should  have  ground  edges  to  admit  of 
this — and  then  to  leave  them  under  cover  to  cool  slowly  over  a  dish  of  sulphuric 
acid,  as  described  in  the  following  paragraph. 

Drying  over  Sulphuric  Acid. — Hygroscopic  powders,  on  account  of  the 
rapidity  with  which  they  absorb  moisture  from  the  air,  must,  after  having  been 
ignited,  be  allowed  to  cool  under  a  bell  jar,  a  dish  containing  sulphuric  acid 
being  present.     The  air  in  the  bell  jar  is  thus  maintained  in  a  dry  state. 

A  dry  chamber  may  also  readily  be  formed  by  means  of  a  large  beaker 
with  ground  edges,  that  are  to  be  smeared  with  lard,  and  a  smooth  plate  of 
glass  to  be  laid  thereon.  The  acid  is  poured  into  the  bottom  of  the  beaker, 
and  the  hygroscopic  powder  placed  between  two  watch  glasses  loosely  secured 
by  a  clip;  the  watch  j^lasses  are  supported  on  a  little  tripod  made  of  three 
small  glass  tubes  fixed  together  with  lead  wire.  By  placing  the  beaker  with 
its  cont<jnts,  but  without  its  cover,  under  the  receiver  of  an  air  pump,  and 
then  exhausting,  a  powder  may  be  dried  without  the  aid  of  heat;  but  the 
desiccation  requires  several  days. 

To  Dry  Flasks^  Tubing,  etc — Aft;er  the  flask  has  drained  completely, 
warm  it  carefully  and  suck  the  air  from  its  interior  from  time  to  time  with  a 
long  glass  tube  dipping  down  into  it. 

Narrow  glass  tubing  may  be  dried  by  drawing  or  pushing  a  piece  of  dry 
filter  paper  or  cotton  through  it;  but  with  long  and  very  fine  tubes  recourse 
must  be  had  to  heating  some  length  of  them  over  a  flame  and  subsequently 
drawing  air  through  with  the  mouth  or  otherwise.  Small  tubes,  such  as  re- 
duction tubes  and  the  like,  are  readily  dried  by  placing  them  upon  a  heated 
metal  plate  or  in  a  hot  sand  bath. 
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Distillation. — The  boiling  point — that  is,  the  temperature  at  which  differ- 
ent bodies  pass  off  rapidly  in  the  form  of  vapor — varies  greatly,  some  being 


Fig.  4.— Simple  Distillation  Apparatus. 

The  cODstraction  is  very  simple,  the  condenser  consisting  of  a  wide  glass  tuhe  through  which 
the  narrow  glass  tube  from  the  flask  a  passes.  A  constant  current  of  cold  water  is  ob- 
tained by  allowing  water  to  flow  from  a  tap  into  b;  it  escapes  by  e.  The  condenser  is 
titled  tod.    A  small  glass  flask  will  serve  the  purpose. 


much  more  volatile  than  others.  Advantage  is  taken  of  this  in  the  process  of 
distillation  to  separate  these  bodies. 

The  parts  of  any  distillation  apparatus  consist  essentially  of  a  boiler  and 
of  a  condenser.  A  simple  form  is  Liebig's,  in  which  the  long  neck  of  a  glass 
retort  is  inserted  into  the  inner  tube  of  the  condenser,  that  is  made  of  a  taper- 
ing glass  cylinder  fixed  by  perforated  corks  in  the  centre  of  a  wider  metal  pipe. 
Between  these  two  tubes  cold  water  is  made  to  circulate,  the  water  entering 
by  a  long  tube  near  the  lower  end,  and  as  it  is  heated  rising  and  flowing  out 
by  a  small  tube  near  the  upper  end.  By  connecting  both  these  tubes,  one 
with  a  tap  and  the  other  with  a  sink,  by  means  of  india  rubber  tubing,  the 
current  is  rendered  constant.  The  narrow  end  of  the  condenser  dips  into  the 
flask  or  receiver  into  which  the  condensed  liquid  drops.  Where  the  neck  of 
the  retort  is  fitted  into  the  condensing  tube  the  connection  should  be  made 
air-tight  by  wrapping  a  ribbon  of  stretched  india  rubber  round  this  part  of 
the  neck  before  inserting  it. 

A  thermometer  is  fixed  into  the  retort  by  passing  it  through  the  cork  at 
its  summit,  and  it  should  nearly  touch  the  bottom.  The  heat  is  gradually 
applied  by  a  rose  or  ring  burner,  or,  failing  these,  by  an  ordinary  Bunsen  lamp. 

Distillation  on  a  small  scale  can  readily  be  performed  by  using  a  plain  re- 
tort, surrounding  its  long  neck  with  some  folds  of  blotting-paper,  and  keeping 
this  wet  by  water  dropping  upon  it  from  a  bottle  placed  at  a  higher  level. 
Failing  a  retort,  the  purpose  will  also  be  effected  by  using  a  Florence  flask 
¥rith  a  long  bent  tube  fitting  into  the  cork  closing  it,  and  dipping  loosely 
through  a  perforated  cork  into  another  similar  flask  lying  in  a  basin  of  cold 
water. 
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Evaporatioit. — The  usual  temperature  employed  is  100°,'  which  b  easily 
obtained  with  the  water  bath ;  but  when  the  evaporation  is  to  be  doae  at  a 
lower  temperature  an  air  or  sand  batli  can  be  employed. 

To  prevent  his  of  Jhad  one  of  these  plans  can  be  adopted:  (1)  Place  a 
small  funnel  in  the  mouth  of  the  flask';  (2)  fix  into  the  cork  closing  the  flask 
a  glass  tube,  2  to  4  fuel  long;  this  tube  may  be  drawn  out  to  a  capillary  open- 
ing at  its  upper  extremity,  if  necessary; 
(3)  connect  the  flask  with  the  condenser 
of  a  Liebig's  apparatus. 

Ethereal  or  alcoholic  iolvllovt  are  to 
be  evaporated  over  a  water  bath,  and  not 
over  a  naked  flame.  In  evaporating  al- 
brnninoui  toiultom  avoid  charring,  and 
stir  frequently  with  a  glass  rod  during  the 
operation. 

Id  heating  beakers  care  should  be 
taken  not  to  apply  the  nake<i  flame,  but 
let  the  beaker  be  placed  over  the  flame  on 
a  wire  gauze,  or  on  a  flat  iron  plate  sup- 
ported on  a  tripod.  A  sand  bath  inHy 
also  be  employed. 

77ie  maintenance  of  a  emislanl  (pm- 
peralure  is  bext  effecied  by  a  gas  regulator 
(Bunsen's  or  Page's^.  Roughly  it  may 
be  aecompliahcd  by  carefully  regulating, 
with  the  help  of  a  thermometer,  the  size 
of  the  flame  uf  a  burner  applied  to  a  sand 

bath,  or   to  a  small  metal  chamber  snr- 

1^  '  ffr  rounded  by  a  double  wall  in  which  water 

IHT  is  contained. 

Filtration. — The  filter  should  always 
be  smaller  than  the  funuel  in  which  it  is 
inserted,  and  generally  it  should  be  moist- 
ened with  water  before  being  used.  Bibbed 
filters  arc  employed  for  quick  filtrations, 
when  the  flltrule  alone  is  wanted;  or  the 
filter  may  be  allowed  to  rest  upon  three 
or  four  };lass  rods  hooked  on  to  the  upper 
edge  of  the  funnel. 

Double /iianeh  arc  sometimes  required, 
especially  when  it  is  desired  to  keep  the 
filtering    fluid    hot    during    its    passage 
"nrrnjlr    ^'""•'•in''-     ■*■  double  funnel  may  easily  be 
lis.  Th«    fitted  up  by  placing  a  glass  funnel  inside  a 
1  thrfi"    larger  tin  funnel,  so  that  a  apace  may  in- 
tervene between  them,  the   tube  of  the 
glass  funnel  passing  through  a  perforated 
cork  fixed  in  the  lower  estremity  of  the 
tin  funnel.     Warm  water  is  allowed  to  flow 
into  the  space  between  the  two  from  above, 
and  to  escape  through  a  small  tube  below. 


^--, 
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'  When  nototherwUe  indicated,  the  temiienitnres  will  be  given  in  the  centigrade 
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With  volamiDOus,  dense,  or  mucilaginous  deposits,  first  pass  through  linen 
or  fine  muslin,  and  if  necessary  through  an  additional  coating  of  flannel. 

Filtration  may  be  greatly  accelerated  by  reducing  the  pressure  inside  the 
vessel  into  which  the  liquid  is  flowing.  This  can  be  effected  as  follows:  Two 
large  glass  jars  are  connected  as  in  the  diagram,  and  the  interior  of  the  vessel 
in  which  the  filter  is  fixed  is  brought  into  connection  with  the  upper  glass  jar. 
The  funnel,  which  must  be  perfectly  smooth  in  its  interior,  passes  tightly 
through  the  cork,  and  is  accurately  fitted  with  a  little  perforated  cone  of 
thin  platinum,  in  which  the  apex  of  the  filter  rests.  The  upper  jar  is  filled 
with  water,  and  when  this  is  allowed  to  discharge  itself  into  the  lower  jar  a 
partial  vacuum  is  caused  on  the  lower  level  of  the  filter. 

Incineration. — By  this  operation  the  fixed  salts  of  an  organic  or  inorganic 
compound  may  be  obtained.  It  can  be  performed  in  a  small  porcelain  or 
platinum  crucible  supported  in  an  inclined  position  on  a  pipe-clay  or  platinum- 
wire  triangle ;  but  a  platinum  crucible  is  not  to  be  used  if  the  substance  to  be 
ignited  evolves  chlorine,  bromine,  or  iodine,  or  contains  phosphorus  or  phos- 
phates, or  if  alkaline  nitrates,  easily  oxidized  metallic  oxides,  or  organic  salts 
of  the  heavy  metals  are  present;  in  such  cases  the  porcelain  crucible  is  to 
be  preferred. 

It  is  necessary,  before  igniting,  to  dry  the  precipitate  thoroughly,  and  then 
to  detach  it  from  the  filter  as  completely  as  possible  over  a  sheet  of  smooth 
paper;  the  collected  precipitate,  transferred  to  the  crucible,  is  then  to  be  cau- 
tiously ignited  to  a  dull  red  heat  over  a  Bunsen  lamp,  the  crucible  being 
covered  for  the  first  few  minutes  of  the  calcination  and  then  uncovered.  Now 
cut  the  dry  filter  into  small  pieces  and  ignite  them  upon  the  cover  of  the 
crucible,  add  the  ash  to  the  crucible,  and  having  again  applied  the  cover, 
subject  the  whole  to  a  higher  temperature  if  necessary. 

When  the  crucible  is  to  be  weighed  it  should  first  be  allowed  to  cool  over 
sulphuric  acid  in  a  bell  jar. 

It  should  be  remembered  that  a  continued  red  heat  causes  some  of  the 
elements  of  the  ash,  such  as  chlorine,  etc.,  to  be  volatilized,  and  sulphuric  acid 
to  be  decomposed  in  presence  of  the  organic  carbon,  part  of  the  sulphur 
formed  escaping  as  sulphurous  acid.  The  grouping  also  of  the  elements  of 
the  ash  is  different  to  that  of  the  salts  in  the  organic  body.  To  obtain  more 
accurate  results  the  dried  substance  should  first  merely  be  carbonized,  and  the 
soluble  salts  (alkaline  chlorides,  phosphates,  and  sulphates,  etc.)  then  removed 
by  washing;  this  done,  the  residue  is  again  dried,  and  ignited  till  a  white  ash 
is  obtained. 

Preparation  of  Normal  Solutions. — The  directions  given  for  the  pre- 
paration of  solutions  on  the  gram  system  can  also  be  applied  to  their  prepara- 
tion according  to  the  weight  in  grains.  If  grain  weights  are  used  instead  of 
grams,  then  move  the  decimal  point  one  place  to  the  right:  thus  instead,  say, 
of  6'53  grams,  65*3  grains;  and  for  each  c.c.  use  10  grains. 

These  normal  solutions  as  a  general  rule  are  of  such  a  strength  that  1 
litre  at  15°  contains  the  hydrogen  equivalent  of  the  reagent  in  grams.  A 
normal  solution  of  hydrochloric  acid,  for  example,  must  contain  (H:^l-j-Cl= 
35*5^i:^3G"5 )  36-5  grams  of  the  acid  in  a  litre  of  water.  But  in  the  case  of  a 
bivalent  substance  the  equivalent  is  half  the  atomic  or  molecular  weight:  thus 
a  normal  solution  of  the  dibasic  oxalic  acid  {C^li.fi^-\-2}ifi:=rA2io^  contains 
63  instead  of  126  grams  dissolved  in  the  litre  of  water. 

But  solutions  are  also  prepared  of  decinormal  or  centinormal  strength ;  and 
sometimes,  for  the  sake  of  convenience,  solutions  are  prepared  more  or  less 
empirically,  as  according  to  the  amount  of  oxygen  they  liberate,  etc. 
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Indicators  of  the  Termination  of  the  Reaction  in  Volumetric  Analysis. — 
These  vary  considerably,  in  some  cases  the  termination  being  shown  by  a  change 
of  color,  as  in  alkalimetry,  where  the  standard  acid  is  added  to  the  alkaline 
solution  until  the  litmus  present  in  the  latter  alters  in  color  from  blue  to  red ; 
or  in  Fehling's  process  for  the  determination  of  sugar,  where  the  final  reaction 
is  known  by  the  disappearance  of  the  blue  color.  In  alkalimetry  the  indicator 
is  added  at  the  beginning  of  the  experiment ;  the  same  is  done  in  many  other 
estimations,  but  in  some  the  end  of  the  process  can  only  be  determined  by  an 
indicator  separate  from  the  solution,  as  in  the  estimation  of  urea  by  mercuric 
nitrate,  where  the  latter  is  added  to  the  urea  solution  until  a  drop  of  the 
mixture,  when  brought  in  contact  with  a  drop  of  sodic  carbonate  solution  on  a 
porcelain  plate,  produces  a  yellow  color. 

Specific  Gravity. — The  specific  gravity  of  such  a  fluid  as  urine  is  generally 
obtained  by  the  urinometer.  But  when  it  is  required  with  greater  accuracy 
we  employ  a  small-density  flask  of  known  weight  (pycnometer)  fitted  with 
a  stopper  through  which  a  capillary  canal  passes,  and  containing,  when  filled, 
a  known  quantity  of  water  (about  25  to  30  grams)  at  15*5°.  This  is  to  be 
rinsed  out,  and  then  filled  with  the  liquid  whose  density  is  required.  After 
weighing  the  specific  gravity  is  obtained  by  the  formula :  specific  gravity= 

—     —  ;    W'=^ weight  of  water  and  W=weight  of  liquid. 
W 
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NUTRITION. 

TiiK  constituent  parts  of  the  organism  are  gaseous,  liquid,  and  solid. 
Of  the  gases  oxygen,  nitrogen,  and  carbonic  anhydride  are  the  chief, 
and  these  are  generally  in  a  state  of  solution  in  the  licjuids,  the  largest 
proportion  of  which  consists  of  water  holding  in  solution  diflerent  acids, 
salts,  and  organic  bodies.  The  solids  have  generally  a  complex  consti- 
tution, and  form  the  framework  of  the  organism.  Nutrition  has  for  its 
function  the  maintenance  of  these  component  principles,  which,  owing 
to  their  vitality  and  to  the  changes  to  which  they  are  subjected,  require 
constant  renewal.  The  body  may,  in  a  sense,  be  regarded  as  a  compli- 
cated machine  in  which  a  certain  amount  of  work  is  done  involving  so 
much  waste — in  which,  in  short,  the  potential  energy  supplied  by  the 
food  is  converted  into  the  actual  energy  of  heat  and  mechanical  labor; 
although  we  should  not  be  justified  in  comparing  the  body  to  a  furnace 
for  the  direct  combustion  of  the  food,  for  there  is  much  reason  to  believe 
that,  instead  of  this  direct  conversion  and  elimination  of  energy,  the 
food  may  first  be  mainly  changed  into  tissue,  and  that  then  it  undergoes 
the  changes  which  end  in  its  becoming  waste  product.  In  effecting  this 
conversion  the  animjil  economy  acts  as  a  more  perfect  machine  than  the 
best  steam  engine,  for  Helmiioltz  has  shown  that  while  in  the  steam 
engine  only  one- tenth  of  the  energy  of  the  fuel  is  utilized  as  mechanical 
work,  fully  one-fifth  of  the  energy  of  the  food  is  realized  by  the  human 
machine. 
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In  addition  to  the  waste  dependent  on  the  work  done  there  is  also  the 
waste  due  to  the  wear  and  tear  of  the  organism  itself.  The  products  of 
all  this  waste  are  removed  by  the  function  of  eJiminatimi  in  the  urine, 
sweat,  and  faeces,  etc. ;  and  the  consequent  losses  thus  incurred  are 
restored  by  the  instrumentality  of  the  function  of  digestion,  in  which 
new  materials  are  introduced  from  without  and  fitted  by  assimilation  to 
replace  the  particles  that  have  been  removed ;  and,  to  bum  the  fuel 
thus  introduced  and  render  its  energy  convertible,  constant  supplies  of 
oxygen  are  obtained  by  the  lungs  in  respiration.  There  is  therefore  in 
the  living  body,  at  every  moment  of  its  existence,  an  arrival  of  new 
and  a  departure  of  old  molecules,  and  consequently  an  uninterrupted 
succession  of  chemical  reactions.  For  all  these  processes  to  go  on  a 
certain  temperature  must  be  maintained ;  this  is  derived  from  the  sum 
of  the  oxidations  occurring,  and  the  balance  is  so  well  regulated  that  a 
uniform  temperature  is  kept  constant. 

Af^cording  as  the  body  takes  up  more  or  less  than^  or  the  same 
amount  itSy  it  loses^  so  will  the  body  weight  increase  or  diminish  pro- 
portionally, or  maintain  itself  unchanged.  In  this  last  cjise,  with  a 
man  of  average  weight  and  activity,  about  6,000  grains  of  dry  solids 
and  30,000  to  40,000  grains  of  water  are  required  to  be  taken  up  by 
absorption  (Ranke),  and  about  10,000  grains  of  oxygen  by  respiration  ; 
of  which  about  800  grains  of  the  solids  are  eliminated  by  the  intestines, 
and  the  remaining  5,200  by  the  other  excretions,  the  oxygen  also  being 
clischarged  in  combination  with  them,  after  having  burnt  them  up  in 
the  body,  and  thus  converted  their  latent  or  potential  into  kinetic 
energy.  We  may  state  loosely  thaf  in  this  way  a  daily  loss  occurs 
nearly  e({ual  to  one-twentieth  the  body  weight.  By  the  term  potential 
energy,  it  may  be  explained,  is  meant  the  passive  energy  of  position — 
that  is,  energy  capable  of  performing  work  when  called  upon,  such,  for 
example,  as  resides  in  a  bent  cross-bow  or  in  water  confined  at  a  high 
level.  By  actual  or  kinetic  energy,  on  the  other  hand,  is  understood 
energy  doing  work,  jis  when  the  bent  bow  is  suddenly  unbent  and 
causes  an  arrow  to  fly  through  the  air ;  or  when  the  water  escapes,  and 
in  doing  s©  causes  a  mill-wheel  to  revolve,  by  which  machineiT  is  set  in 
motion. 

In  early  life  the  nutritive  powers  of  the  tissues  are  more  active  than 
the  oxidizing  processes,  and  so  growth  and  development  occur ;  in  adult 
life  they  are  nearly  balanced,  and  more  or  less  of  an  equilibrium  is 
maintained ;  but  in  old  age  the  processes  of  nutrition  are  defective,  and 
the  wasting  processes  are  in  excess,  and  accordingly  a  failure  occurs  in 
tissue  regeneration  and  in  the  maintenance  of  the  animal  tempemture. 
The  nutritive  processes  are  also  diminished  during  sleep,  the  carbonic 
acid  eliminated  during  the  night  being  one-fourth  less  than  during  the 
day  (ScHARLiNG),  the  production  of  urea  likewise  being  lessened;  the 
absorption  of  oxygen,  however,  still  continues,  and  the  result  is  that  an 
accumulation  of  oxygen  in  the  organism  occurs  during  sleep. 

A  constant  and  unintermittent  supply  of  oxygen  is  an  absolute 
necessity,  and  it  may  therefore  be  regarded  as  our  most  important  food. 
Almost  every  vital  act  in  the  body  may  be  said  to  be  accomplished  by 
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oxidation  and  a  corresponding  consumption  of  oxygen.  Indeed,  between 
the  food  and  the  absorbed  oxygen  an  interplay  of  changes  is  essential 
to  the  maintenance  of  the  vital  functions,  whether  these  consist  in  the 
production  of  heat,  in  muscular  contraction,  in  mental  activity,  or  in 
assimilation.  By  this  oxidation  the  energy  therefore  necessary  for  the 
manifestation  and  continuance  of  these  bodily  functions  is  obtained  by 
the  burning  up  of  the  constituents  of  the  food,  the  ultimate  products  of 
the  oxidation,  which  is  eflFected  by  a  series  of  successive  steps,  being 
urea,  carbonic  acid,  and  water.  For  example,  the  complete  combustion 
of  10  grains  of  dry  flesh  raises  13-12  lbs.  of  water  1°  F.,  and  is  equal 
to  lifting  10,128  lbs.  one  foot  high ;  while  that  of  10  grains  of  sugar 
raises  8-61  lbs.  of  water  1°  F.,  and  is  equal  to  lifting  6,647  lbs.  one 
foot  high  (Frankland).  Or  an  ounce  of  lean  meat  entirely  burnt  in 
the  body  produces  heat  sufficient  to  raise  70  lbs.  of  water  1°  F.,  or  a 
gallon  of  water  about  9°  F. ;  while  an  ounce  of  fresh  butter,  if  com- 
pletely consumed  in  the  body,  would  produce  ten  times  that  amount  of 
heat  (E.  Smith). 

Heidenhain  calculates  that  four-fifths  of  the  total  energy  of  the 
body  takes  on  the  form  of  heat.  In  the  active  muscles,  and  in  glands 
in  a  state  of  activity,  especially  the  liver,  a  considerable  elevation  of 
temperature  can  be  observed,  pointing  to  these  parts  a.s  generators  of 
heat. 

The  tissues  are  bathed  in  the  lymph,  which  is  spread  out  in  all 
their  interstices  throughout  the  organism,  and  is  so  abundant  as  to  have 
been  estimated  at  one-third  the  body  weight  by  Krause,  or  about  one- 
fourth  by  LuDWiG.  Without  ceasing,  exchanges  occur  between  this 
fluid  and  the  tissues  bathed  in  it,  and  the  interchanges  consist,  so  far 
as  the  tissues  are  concerned,  in  certain  additions  to  and  subtractions 
from  the  lymph;  these  then  constitute  nutrition  properly  so  called. 
Osmotic  transferrences  continually  occur  between  the  lymph  and  the 
blood,  and  the  blood  is  renewed  by  the  products  of  assimilation.  Be- 
twixt the  fluid  directly  bathing  and  nourishing  the  tissues  and  the  food 
prepared  for  absorption  by  the  digestive  processes  the  blood  acts  as  a 
"go-between"  or  intermediary,  being  replenished  thereby,  .while  it  is 
free<l  from  the  efl'ete  additions  that  have  been  made  to  it  by  means  of 
the  lungs  and  the  organs  of  excretion.  Taking  muscle  as  exemplifying 
some  of  these  nutritive  changes,  we  find,  so  far  as  the  tissue  itself  is 
concerned,  that  its  soluble  albumen  diminishes  as  it  contracts,  sarcolactic 
acid,  inosit,  kreatin,  and  carbonic  anhydride  iftaking  their  appearance. 
The  elimination  of  water,  chlorides,  and  phosphates  is  also  increased 
with  the  muscular  activity,  and  the  amount  of  oxygen  absorbed  likewise 
proportionally  augmented.  As  to  the  greatly  increased  elimination  of 
urea  that  Liebig  supposed  also  to  take  place,  the  weight  of  evidence 
is  opposed  to  the  hypothesis.  A  slight  but  temporary  increase  probably 
occurs,  but  it  bears  no  relation  to  the  amount  of  work  done  (Parkes). 
Theoretically,  too,  the  amount  of  albumen  corresponding  to  the  slightly 
increased  quantity  of  urea  excreted  is  incapable  of  furnishing  even  a 
small  proportion  of  the  energy  expended,  or,  even  when  totally  oxidized, 
of  giving  off  the  excess  of  carbonic  acid  disengaged  in  the  process. 
Rather  it  appears  that  a  notable  proportion  of  the  heat  transformed  into 
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muscular  energy  during  muscular  activity  is  due  to  the  combtistion  of 
non-azotized  rather  than  of  azotized  materials. 

Nutrition  in  nerve  appears  to  follow  the  same  laws  as  in  muscle, 
and  probably  as  the  result  of  its  activity  we  have  an  increased  absorp- 
tion of  oxygen  and  an  increased  excretion  of  cholesterin,  urea,  carbonic 
acid,  and  phosphates.  Intellectual  work  is  always  attended  with  an 
increased  flow  of  blood  to  the  nerve  centre,  and  with  a  rise  of  tempera- 
ture of  the  nerve  substance.  Nerve  also,  which  is  neutral  in  a  state  of 
repose,  becomes  acid  when  strongly  excited,  the  acidity  of  the  urine 
increasing  with  prolonged  mental  exertion  (Funke).  According  to 
Wood  the  earthy  phosphates  excreted  are  diminished  by  intellectual 
labor,  while  the  alkaline  phosphates  undergo  little  or  no  increase. 
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FOODS. — A  body  capable  of  replacing  any  of  the  body  waste,  or  of 
imparting  heat  to  the  organism  by  its  oxidation — in  short,  any  sub- 
stance supplying  material  that  renews  waste  or  maintains  any  vital 
process — may  be  regarded  as  a  food.  Voit  further  regards  in  the 
light  of  a  food  any  substance  that  prevents  the  removal  from  the  body  of 
any  of  its  necessary  constituents.  Grape  sugar,  when  burnt  up,  forms 
carbonic  acid  and  water,  CgHigOg+SOg^OCOg-fOHgO,  eliminating 
much  heat  in  the  process,  and  accordingly  is  a  source  of  heat  and 
energy  to  the  system.  The  sugar,  which  was  formed  in  a  vegetable 
organism  at  the  expense  of  the  sun's  light  and  heat,  has  this  energy 
stored  up  in  it,  ready  to  be  converted  from  the  potential  to  the  kinetic 
condition  under  favorable  circumstances. 

Albumens  and  fats  act  in  the  same  way,  and  are  stores  of  so  much 
force  that  may  show  itself  in  heat,  motion,  or  otherwise,  or  in  a  combi- 
nation of  them.  All  these  sources  of  energy  come  directly  or  indi- 
rectly from  the  vegetable  kingdom,  and  are  therefore  primarily  derived 
from  the  sun's  energy,  plants  having  the  power  of  fixing  the  solar 
force.  In  animals,  on  the  contrary,  potential  is  converted  into  kinetic 
energy,  but  they  also  possess  a  certain  amount  of  constructive  energy, 
and,  working  upon  organic  matter  already  formed,  they  can  build  up 
higher  combinations.  A  good  example  of  this  we  see  in  the  haemoglobin 
of  blood. 

Food,  as  we  have  seen,  maintains  by  its  oxidation  the  animal  heat, 
and  restores  the  waste  resulting  from  animal  activity.  The  body  con- 
sists of  proteids,  fats,  carbohydrates,  water,  and  salts,  and  to  maintain 
it  these  bodies  must  be  supplied  in  the  food,  although  it  must  not  be 
supposed  that  there  is  a  direct  conversion  of  the  food  elements  into  the 
corresponding  tissue  elements.     Thus  the  nitrogenous  food  does  not 
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supply  alone  the  nitrogenous  tissues,  for  we  shall  see  that  even  in  the 
alimentary  canal  part  of  it  is  broken  down,  and  no  doubt  also,  after 
its  absorption,  still  further  altered,  so  as  to  be  a  source  of  the  fat  of 
the  economy.  In  fact,  as  a  general  rule  the  elements  of  the  various 
food  stuffs  undergo  more  or  less  of  a  rearrangement  before  they  take 
their  place  as  bodily  constituents. 

For  a  healthy  man  the  food  of  the  twenty-four  hours  should  contain 
some  4,000  to  5,000  grains  of  carbon,  and  250  to  300  grains  of  nitro- 
gen ;  the  food  supplied  should  therefore  possess  these  elements  in  their 
proper  proportions,  otherwise  it  will  not  be  economical  in  any  sense  of 
the  word. 

In  the  forms  of  albumen,  fibrin,  casein,  and  legumin,  which  are  all 
readily  assimilable,  the  required  nitrogen  is  furnished  to  the  system. 
The  extractive  matters  also  present  so  largely  in  flesh  meat  and  the 
like,  supply  more  of  the  same,  but  whether  they  form  a  distinct  source 
of  energy  is  still  doubtful.  The  salts  of  muscle,  however,  aid  the 
assimilation  of  proteids;  and  the  same  purpose  is  likewise  effected,  in 
some  degree,  by  the  ingestion  of  starchy  and  fatty  foods.  Some  of 
the  carbon  is  supplied  by  these  albuminous  bodies,  but  the  great  mass 
by  the  starches,  sugars,  and  fats.  These  carbohydrates,  when  directly 
absorbed,  as  well  as  those  (such  as  inosit  and  glycogen)  proceeding 
from  the  decomposition  of  albuminoid  bodies,  seem  to  be  the  source  of 
rapid  heat  production  in  the  system. 

The  dynamic  value  of  a  food  depends  on  its  richness  in  easily 
assimilable  proteids,  and  its  calorific  value  on  the  quantity  of  heat  it 
produces  when  burnt  in  the  organism.  But  the  digestibility  of  a  food 
must  also  be  taken  into  consideration,  as  this  is  more  a  measure  of  its 
nutritive  value  than  its  elementary  composition.  Great  differences 
exist  in  the  absorption  of  different  foods:  thus  rye  bread,  potatoes,  and 
green  vegetables  produce  large  quantities  of  fresh  and  dry  excrement ; 
while  white  bread,  fresh  meat,  and  eggs  are  absorbed  to  a  greater  extent, 
and  are  therefore  more  valuable.  Fat  of  butter  also  appears  easier  of 
digestion  than  bacon  fat ;  and  carbohydrates  are  easily  assimilated  when 
contained  in  white  bread,  rice,  and  macaroni,  but  with  more  diflSculty 
from  potatoes,  rye  bread,  and  turnips;  further,  nitrogen  is  most  easily 
absorbed  from  meat,  eggs,  and  animal  substances  generally,  but  with 
more  difficulty  from  rye  bread  and  vegetables  (Rubxek). 

Where  the  final  consumption  of  the  food  particles  occurs  is  still  to 
be  decided,  but  it  is  probable  that  before  the  final  decomposition  pro- 
ducts— water,  carbonic  acid,  and  urea,  ammonia,  or  some  such  body — 
are  reached,  a  series  of  retrograde  and  intermediate  processes  have 
occurred  in  the  living  cells  of  the  tissues  themselves,  and  in  the  fluids 
immediately  bathing  them ;  and  it  is  possible  that  some  of  these  changes 
normally  take  place  in  such  great  central  vascular  organs  as  the  liver 
and  spleen. 

In  the  nonnal  condition  an  equilibrium  is  maintained  between  the 
ingesta  and  the  egesta.  The  following  table,  giving  the  results  of  a 
series  of  three  days'  experiments  made  on  a  dog,  shows  this  distinctly 
(Pettknkofek  and  Voit)  : 
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A.  Food:  flesh,  1,500  grams;  oxygen  absorbed,  477*2  grams;   total,  1977*2  grams. 


The  flesh. 


C. 


Dry  solids 
Water  . 


361-5 
1138-5 


Oxygen  absorbed    .  '      — 
Total     .     .     .  !  1500 


187*8 
0 


0 


H. 

25  95 
126*5 

0 


N. 


O. 


51*0     I      77-25 
0         1012*0 


0 


187*8    I  15*2*45 


51*0 


4772 


1566*45 


B.  Excretions:  total,  2011*8  grams. 


C. 


H. 


N. 


O. 


'Mineral 
;    salts.   I 


Dry  solids  : 

and  gases    '    704*7 1  Urea 216 

,  Organic  salts  of  nrine  I      9'6 

Dry  forces '      4-9 

Carbonic  anhydride  by 

'  langs  and  skin    .    .  146-7 

,  Marsh    gas    by   lungs  | 

and  skin    ....        1-2 
Water  ex-  Hydrogen 0 

creted         ,  1307*1    Water  of  urine  ....      0 

'  I  Water  of  fjeces  .    .    .  i     0 

I  Water   by  lungs  and 

'  skin 0 


7-2     50-4 
2*5  I     0 


0-7 

0 

0-4 
1-4 

1025 
3*2 


0-7 

0 

0 
0 

0 
0 


28-8 

159 

1-5 


0 
16-3 
3*4 


391*6      0 


0 
0 

820*3 
26-3 


0 
0 

0 
0 


39-4  ,     0        315-4,     0 


j  2011-8  1840  I  157-3  i  511  1 1599*7  I  197 

All  the  nitrogen  leaving  the  body  is  calculated  as  urea,  which  gives  a  slight 
excess.  It  is  to  be  remarked  also  that  vrhile  the  dog  absorbed  only  1138*5 
grams  of  water,  he  excreted  1307*1  granis,  from  which  it  follows  that  the 
168*6  grams  in  excess  have  been  formed  at  the  expense  of  the  tissues  or  orgaus. 
Of  the  477-2  grams  of  free  oxygen  absorbed,  391-5  are  excreted  in  combination 
with  carbon  as  free  carbonic  anhydride,  and  149*9  grams  in  combination  with 
hydrogen  as  water,  or  in  the  proportion  of  3  to  1,  a  proportion  which  in  man 
is  about  as  7  to  1.  Of  every  100  degrees  of  heat  produced,  therefore,  in  the 
living  organism,  81*5  are  due  to  the  combustion  of  carbon  and  18-5  to  the 
combustion  of  the  hydrogen  of  the  food  ingested. 

Taking  all  these  facts  into  consideration,  the  best  food  for  repairing 
the  losses  of  the  organism  would  be  one  consisting  of — 

Grains. 

Dry  proteids 1,913 

Dry  starches                        ...  6,172 

Fats 1,142 

Total 9,227 

requiring  about  11,000  grains  of  oxygen  for  their  combustion,  giving  for  these 
bodies  respectively  nearly  the  relative  proportions  of  1:3 20: 06,  or  1  of  proteids 
to  3*8  of  the  combined  starches  and  fats;  proportions  closely  corresponding  to 
those  given  by  Mole-SCHOTT,  who  established  the  relation  of  the  proteids  to  the 
two  other  combined  foods,  as  1:3*75.  Liebig  gave  it  as  1:3,  and  that  of  the  fats 
to  the  starches  as  1:5-4.  These  proportions  would  be  obtained  in  a  daily  food 
made  up  of  white  bread,  1*8  lb.,  lean  meat,  053  lb.,  and  fat,  013  lb. 
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Proportion  of  the  Chief  Tissues  forming  the  Human  Body. 

(BrSCHOFF.) 


Muscles     .     .     .     . 

Fat 

Skeleton    .     .     .     . 
Abdominal  viscera 

Skin 

Brain 

Thoracic  viscera 


1 

Weight  in  adult 

Man  (set.  33). 

New-born  male 
child. 

'  as  compared  with 
that  oithe  infant 
taken  as  1. 

1 

Per  cent. 

Per  cent. 

1 

41-8 

22-9 

28 

18-2  with  skin. 

200 

1 

15-9 

17-7 

26 

7-2 

115 

15 

6-9 

113 

12 

1-9 

15  8 

37 

1-7 

30 

17 

The  muscles  thus  form  nearly  half  of  the  hody,  and  they  contain 
quarter  its  total  blood ;  and  of  the  abdominal  viscera  the  most  important 
is  the  liver,  which  also  contains  about  a  fourth  of  the  whole  blood. 

The  chemical  composition  of  the  diflFerent  tissues  will  be  taken  up 
subsequently.  Reference  will  be  made  here  only  to  the  water  and  the 
salts  entering  into  their  constitution. 

Water  forms  about  70  per  cent,  of  the  adult  and  88  per  cent,  of 
the  embryo,  and  is  the  medium  in  which  the  chemical  changes  of  the 
organism  occur.  In  the  accompanying  table  the  average  proportion  of 
water  in  several  of  the  tissues  is  given : — 


Per  cent. 

Lymph 93-96 

Chyle 90-95 

Blood 78 

Kidneys 82 

Nerves 78 

Muscles 76 


Per  cent. 

Brain 75 

Cartilage 67-73 

Bones 13 

Teeth 10 

Enamel 0*2 


Salts. — The  mineral  salts  form  3  to  6  per  cent,  of  the  adult's  body, 
and  about  1  per  cent,  of  that  of  the  foetus.  They  are  obtained  as  ash 
when  the  tissues  are  calcined,  but  part  of  them  result  from  the  oxida- 
tion of  the  sulphur  and  phosphorus  of  some  of  the  organic  constituents. 
The  heat  also  decomposes  and  volatilizes  a  few  of  the  components,  such 
as  certain  chlorides  and  carbonates.  It  must,  therefore,  be  remembered 
that  the  analysis  of  the  ash  does  not  represent  the  true  composition  of 
the  salts  as  they  existed  in  the  living  tissue.  Alkaline  chlorides  and 
phosphates,  earthy  phosphates,  with  some  carbonates  and  sulphates 
form  the  chief  of  these  salts,  of  which  Hodic  chloride  is  the  most  im- 
portant, its  presence  exciting  assimilative  changes  and  assisting  in  the 
secretion  of  many  of  the  juicej',  particularly  the  gastric;  and  so  neces- 
sary is  it  to  the  organism  that  when  it  is  supplied  in  insufficient  quantity 
it  is  retained  by  the  tissues  and  not  excreted.  When  deprived  of  it 
animals  lose  weight,  sj)irits  and  activity.  The  potanh  Sfdts  are  also 
indispensable,  acting  as* exciters  of  the  nervous  system  and  increasing 
the  cardiac  pulsations. 

A  <ijreat  dailv  loss  occui*s  in  the  salts,  which,  of  course,  must  be 
restored  in  the  diet.     By  the  urine  of  a  healthy  man  of  average  weight, 
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for  example,  there  is  a  daily  discharge  of  about  180  to  260  grains  of 
chioride  of  sodium  and  about  120  to  130  grains  of  other  salts,  and  by 
the  faeces  about  130  to  140  grains  of  diflFerent  salts.  These  salts  are 
principally  phosphates  of  potash  and  phosphates  and  carbonates  of  lime, 
etc.  Accordingly  the  food  should  contain  at  least  250  grains  of  sodic 
chloride  and  about  half  that  amount  of  other  salts,  especially  those  of 
potash,  to  make  good  this  daily  loss. 

The  distribution  of  these  salts  in  some  of  the  organs  and  fluids  of 
the  body  can  be  seen  in  the  adjoining  table  (after  Gautier): — 


Ash. 


Potassiam     .     . 
Sodium     .     . 
Magnesium   . 
Lime    .... 
Sodic  chloride  . 
Potassic  chloride 
Phosphoric  acid 
Sulphuric  acid  . 
Silica    .... 


Brain. 

Muscle. 

Milk. 

Blood. 

32-4 

34-4 

21-4 

11-2 

107 

2-4 

6-3 

1-23 

1-45 

0-87 

1-26     i 

0-72 

1*99 

18-8 

1-85 

4-7 

10-6 

10-7 

36-3 

— 

26-3 

26*5 

481 

481 

191 

8-8 

075 

2-6 

711 

0-42 

0-81 

— - 

Yolk  of  egg. 


8-9 
512 
207 
121 


78-9 
05 


Saline  matters  are  evidently  associated  with  the  different  formative 
processes  occurring  in  the  body,  and  we  find  no  indiscriminate  diflFusion, 
but  a  regular  and  special  distribution  of  them  in  the  diflFerent  organs 
and  tissues  of  the  organism.  It  is  easy  to  see,  then,  that  mineral  salts 
require  to  be  supplied  for  the  nutrition  and  growth  of  the  diflFerent 
parts  of  the  system,  and  also  for  the  formation  of  the  secretions.  So 
important  indeed  are  the  salts  of  the  food  that  animals  dieted  with  food 
from  which  all  inorganic  salts  have  been  removed  rapidly  die  oflF 
(FoRSTER),  due  partly,  in  Bunge's  opinion,  to  the  formation  of  free 
sulphuric  acid  from  the  albuminoid  sulphur,  and  the  consequent  ab- 
straction of  basic  constituents  from  the  intestines. 

The  combinations  therefore  required  are  salts  of  lime,  magnesia, 
potash,  soda  and  iron,  with  chlorine,  phosphoric  and  sulphuric  acids, 
the  lime  and  phosphoric  acid  appearing  to  be  specially  important.  All 
these  combinations  are  present  in  the  meat,  bread  and  fresh  vegetables 
ingested.  As  examples  we  shall  cite  here  the  composition  of  the  ash 
of  wheat  and  milk  in  the  100  parts. 

Ash  of  wheat.     Ash  of  cow's  milk. 

Phosphoric  acid  (P.Oj) 43*5  2840 

Potash 32-4  2346 

Magnesia 139  22 

Lime 35  1734 

Silica 3.05  — 

Soda 2-3  6-96 

Ferric  oxide I'O  — 

Sulpharic  acid    ...         035  — 

Potassic  chloride     ...                           ...  —  14*18 

Sodic            "            —  4-74 

Potash  salts  are  abundant  in  the  potato,  constituting  more  than  50 
per  cent,  of  the  ash,  which  is,  however,  not  very  abundant,  varying 
from  0-8  to  1*3  per  cent,  of  the  fresh  potato. 
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The  alkaline  citrates,  tartrates,  and  malates  of  the  vegetables  eaten 
are  burnt  in  the  organism  to  the  state  of  carbonates. 

Mixed  Diet. — Different  experimenters  have  proved  that  a  normal 
food  must  not  consist  of  one  aliment  exclusively  (Chossat,  Ranke), 
whether  nitrogenous,  starchy,  or  fatty ;  further,  as  no  one  food  contains 
the  different  essential  principles  in  the  necessary  proportions,  a  mixed 
diet  must  be  employed,  and  the  nature  of  this  diet  must  vary  with  the 
manner  of  living,  with  the  climate,  and  with  the  seasons.  The  diet 
must  also  be  in  suflBcient  quantity,  and  without  any  excess  in  the 
animal  or  vegetable  components. 

The  necessary  nitrogen  and  carbon  will  accordingly  be  best,  and  so 
far  as  the  organism  is  concerned,  most  economically  obtained  from  a 
mixed  dietary.  Upon  it,  indeed,  man  appears  to  attain  to  his  finest 
development  of  physique  and  highest  vigor  of  intellect;  this  mixed  diet 
at  the  same  time  being  most  conformable  to  the  character  of  his  teeth 
and  digestive  apparatus.  A  diet,  however,  from  which  meat  is  largely 
excluded  may  often,  it  may  be  observed,  be  used  with  advantage,  but 
under  most  circumstances  the  most  suitable  admixture  contains  one- 
fourth  or  rather  more  of  animal  food.  Thus  2  lbs.  of  bread  and  |  lb. 
of  beef  will  supply  the  necessary  amounts  of  carbon  and  nitrogen, 
which  would  require  over  6  lbs.  of  meat  and  more  than  4  lbs.  of  bread 
if  either  is  taken  singly;  these  amounts,  moreover,  giving  a  large 
surplus  of  carbon  in  the  case  of  the  bread  and  of  nitrogen  in  the  case 
of  the  meat. 

Classification  of  Foods. — Dumas  and  Liebig  divided  foods  into 
assimilable  or  plastic  and  combustible  or  respiratory ;  but,  as  all  foods 
are  in  reality  plastic,  the  division  is  an  inaccurate  one.  More  correctly 
foods  may  be  classified,  according  to  their  composition,  into — 

{Nitrogenous      .      Albumens,  etc. 
r  Fats. 
XT         i.  )  Carbohydrates,  together 

pfon-nitroffenous  <         vli   ^u      i    u  i        i 
°  J       with  the  alcohols  and 

V      vegetable  acids. 


T  .      f  Water. 

Inorganic  |  g^,^^ 


Ranke  maintained  himself  in  good  health,  neither  losing  nor  gaining 
weight,  on  a  diet  of  this  kind: — 

Grani.s.  Grains. 

Proteids 100  1,540 

Fat 100  1,540 

Amyloids       210  3,700 

Raits 25  380 

Water 2,600  40,120 

Diet  for  a  Working  Man  of  Average  Height  and  Weight  (Molkschott). 

Grnnis.  Ounces. 

Albuminous  matter 130  4  58 

Fatty                 '■          84  296 

Carbohydrates 404  14*25 

Salts    ^ 30  106 

Total 648  22*85 
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The  preceding  23  ounces  of  dry  solids  would  correspond  to  rather 
more  than  double  that  amount  of  ordinary  solid  food,  with  which 
retjuires  to  be  associated  about  60  to  80  ounces  of  water. 

On  a  previous  page  it  is  stated  that  2  lbs.  of  bread  and  |  lb.  of  lean 
meat  will  supply  the  necessary  carbon  and  nitrogen  required.  In  the 
annexed  table,  which  gives  a  suitable  diet  for  active  laborers,  we  shall 
compare  the  two  dietaries. 


Diet  of  Active  Laborers. 
(Playfair.) 


I  Nitrogenous  matter . 
'Fat 

Carbohydrates      .     . 

Minerals      .... 


Ox. 

50-  5-6 

2-4-  2-9 

17-9-22'2 

07-  0-9 


Bread, 
2  lbs. 


I^an  meat 
(uncooked), 


Oz. 
2*59 
0-51 
16-32 
0-74 


Oz. 

2-32 

0-43 


In  these  dietaries  the  nitrogenous  matter  present  forms  one-fifth  to 
a  little  more  than  a  sixth  of  the  total  solids. 
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THE  NITROGENOUS  FOODS, 

NITROGENOUS  FOODS.— The  chief  of  these  are  the  albumens,  al- 
bumen by  itself  forming  by  far  the  most  important  single  element,  since 
it  contains  nutritive  material  in  a  condensed  and  easily  assimilated  form, 
its  composition  being  more  or  less  identical  with  the  albumens  of  blood 
and  the  animal  tissues.  Examples  of  rich  albuminous  foods  are  white 
of  egg,  casein,  legumin,  gluten,  and  syntonin.  Next  come  the  collagens, 
or  bodies  that  yield  gelatin,  or  an  analogous  substance,  on  boiling,  as 
ossein  and  chondrin;  then  there  are  such  bodies  as  kreatin,  kreatinin, 
xanthin,  and  the  like,  which  may  be  regarded  as  disintegration  products 
of  the  proteids,  and  which  are  present  in  meats.  In  the  table  a  series 
of  different  articles  of  food  rich  in  these  albuminous  principles  are 
compared. 

A.  Animal  Albumens. 

Bich  Albuminous  Foodn  {after  Ranke,  Payen,  Letheby,  etc.) 


i 

1 

1 

of 
19-3 

Fat  raw 
meat. 

Koast  meat, 

no  dripping 

lost. 

Lean  mutton. 

• 

a 
o 

a 

12-4 

i 

> 

16  5 

• 

M 

u 

s, 

S. 

9-8 

0?      Dried  bacon. 

QO 

White  fish. 

• 

a 

o 

s 
a: 

161 

Oysters. 
Eggs. 

Nitrogenous  matter, 

14-8 

27-6 

18-3 

18-1 

1401    14-0 

Fat   ? 

3-6 

298 

15-45 

4-9 

31-1 

15-8 

48-9 

733 

2-9   , 

5-5 

ir»l    10-6 

:  Salines,  etc  .    .    . 

fll 

4-4       2-95 

4-8 

3-5 

4-7 

2-3 

2-9 

1-0 

1-4 

4-09  1  1-5 

Water 

72-00 

5 10  1  5400 

72-0 

530 

630 

390 

150 

780 

77-0 

80-39   74-0 

52 


NUTRITIOX   AND   FOODS. 


CompoBition  of  Beef^  Veal,  and  Pt»rk  (MoLI':srHOTT). 


Soluble 
albumen 

and 
hu:niatin. 


^'et??°'    <^ela«in»- 


Beef  . 
Veal 
Pork  . 


2-25 
2-27 
163 


15-21 
14-:t6 
15-50 


3-21 
501 
4-08 


Fats. 


2-87 
256 
5-73 


Extrac- 
tives. 


139 
1-27 
1-29 


K  real  in. 

Ash. 

Water. 

1 

007 

1-6 

0-77 

1-11 

73-39 
7.H75 
70-66 

If  the  f/olk  is  compared  with  the  white  of  an  egg  it  will  be  found 
that  of  the  nitrogenous  constituents  there  are  20-4  per  cent,  in  the 
white  and  16  in  the  yolk,  30  per  cent,  of  fat  in  the  yolk,  1-6  per  cent, 
salines  in  the  white  and  1  '3  per  cent,  in  the  yolk,  and  78  per  cent,  of 
water  in  the  white  and  52  per  cent,  in  the  yolk. 

Good  new  milk  contains  about  546  grains  carbon  and  43  grains 
nitrogen  in  the  imperial  pint. 


Water. 


Milk 


^  New 
(Skim 


86 
88 


Nitrogenous 
constituents. 


6-5 
40 


The  essential  constituent  of  cheese  is  the  casein  or  curd  of  milk. 
Cheeses  vary  very  much  in  their  composition,  but  an  average  good  skim- 
milk  cheese  contains:  water  44  per  cent.,  nitrogenous  constituents  44*8, 
fat  6-3,  and  salts  4-9;  and  a  good  new-milk  cheese:  water  36  per  cent., 
nitrogenous  constituents  28*4,  fat  31*1,  and  salts  4-5.  Cheeses  like 
the  former  require  a  longer  time  for  digestion  than  the  latter,  which 
take  about  3  to  3^  hours  if  of  medium  age.  Cheese  contains  calcic 
phosphate  and  oxide  of  iron,  and  there  is  present  in  dried  cheese  de- 
prived of  fat  and  prepared  from  fresh  milk  3*5  to  4  per  cent,  phosphoric 
anhydride  and  4*3  to  4-7  per  cent.  lime. 

Analyses  of  Cheeses. 


Cheese. 


Cheshire 
Gniyiire  . 
Roquefort 
Cheddar 
Gruydre  . 
Camembert 


Nitrogenous 
contotituents. 


3614 

3510 

32-95 

28-4 

31-5 

18-9 


Fats. 

Salts. 

25-48 

4-78 

2800 

4-79 

32-31 

4-45 

311 

4-6 

24-0 

30 

210 

4-7 

Water. 


30-39 

:^2-05 

26-53 
360 
400 
519 


(Malagutti.)' 

(Pa  YEN.) 

(Parkes.) 


B.  The  Vegetable  Albumens  are  not  so  rich  in  carbon  as  the  ani- 
mal albumens,  but  are  richer  in  nitrogen;  this  probably  accounts  for 
their  less  nutritive  value  and  the  greater  diflRculty  in  their  assimilation ; 
they  are,  however,  like  eggs  and  fish,  very  rich  in  phosphorus.  It  may 
be  stated  generally  that  vegetables  are  more  difiicult  and  slower  of 
digestion  than  most  animal  foods,  but  that  when  combined  with  the 
latter  in  suitable  amount  the  digestion  is  rendered  easier  and  the  assimi- 
lation more  perfect.  Garlic,  onions,  radish,  turnips,  etc.,  excite  the 
digestion,  and  at  the  same  time  stimulate  the  urinary  and  generative 
organs. 
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Analyses  of  Vegetable  Grains^  Seeds,  etc. 
(Pa YEN,  Lethbby,  Boussixoault,  etc.) 
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Surch, 

sugar,  and 

dextrin. 

Proteids. 

Fats. 

Cellulose, 
etc. 

MineraU. 

1 

'     Water. 

140 

1  Wheat   .... 

68-9 

14-6 

1-2 

1-7 

1-6 

'  Rye  .     . 

67-5 

90 

20 

30 

1-9 

16  6 

,  Oats 

61-5 

11-9 

5-5 

41 

30 

140 

;  Rice  ... 

78-30 

643 

0-43 

0-5 

0-68 

14-4 

Barley   . 

63*6 

134 

•  2-8 

2-6 

4-5 

130 

1  Peas ... 

58-5 

25-4 

20 

1-9 

2-5 

9-7 

Beans    .... 

48-3 

30-8 

1-9 

30 

3-5 

12.5 

,  Indian  corn    .     . 

65-1 

111 

81 

— 

1-7 

14.0 

Potatoes     .    .     . 

2109 

1-6 

Oil 

1-64 

1-56 

74.0 

Carrots  .... 

14-5 

1-3 

0-20 

10 

83.0 

The  amount  of  proteids  in  potatoes  is  given  by  E.  Scuiltze  as  varyinj: 
between  ()'()5  and  11!)  per  cent.,  but  as  234  per  cent,  by  Holdefleiss.  The 
ash  of  potatoes  is  very  rich  in  potash  salts. 


Analysis  of  Bread  and  Biscuit. 

Flour  bread. 

Carbohydrates 510 

Nitrogenous  constituents 8'1 

Fats 1-6 

Minerals 2*3 

Water 370 

Analyses  of  Fruits  (Fresknius). 


Biscuit. 

73-4 

15-6 

1-3 

1-7 

80 


Applet   '    (swe" 


Sugar 

Free  acid  (express-' 

ed  as  oxalic) 
Albuminous  sub-  ^ 

stances     ... 
Pectous  substauces 

and  pectose  .    . 

Ash 

Insoluble  matter  . 
Water      .... 


7-58 

104 

0-22 

3-88 
0-44 
1-8 
85.04 


7-94 

trace 

0-24 

510 

028 

3-51 

8301 


Green 
gages. 


3-4 

0-87 

0-40 

12-52 
0-39 
389 

7972 


Cherries 

(sweet 

red). 


Straw- 


G™P«»    '    Sj-riTs    , 


1311        13-78 


0-35 

090 

3-73 
0-60 
5-9 
75-37 


102 


083 


806 
135 


0-44 


1-43  1-26 

0-36  0-31 

2-59  2-99 

7999  85-56 


7-57 


113 
0-36 

112 

0-48 

1-96 

87-47 


In  mixed  vegetables  it  may  be  stated  generally  that  1  lb.  contains  about  420 
grains  carbon  and  14  grains  nitrogen.  When  potatoes  are  compared  with 
bread  as  to  nutritive  power,  it  will  be  seen  that  1  lb.  of  bread  is  equal  to  2*  lbs. 
of  potato  in  carbon  and  to  3i  lbs.  in  nitrogen.  Some  recent  analyses  of  cab- 
bages show  that  they  are  richer  in  nitrogenous  substances  than  has  hitherto 
been  supposed,  the  total  albuminoids  ( Xx^*-''>)»in  the  dry  matter  of  the  leaves 
averaging  12  to  28  per  cent.,  and  in  the  stems  11  to  15  per  cent.  (Leizour 
and  Nivet).  Edible  mushrooms,  although  difficult  of  digestion,  are  rich  in 
proteids,  containing  as  much  as  52  per  cent,  of  nitrogenous  matter  in  the  dry 
state.     An  analysis  of  Payen's  gives  the  following : — 

Nitrogenous  matter  and  traces  of  sulphur 4'68 

Fatty  matter 039 

Cellulose,  dextrin,  and  sugar 3-46 

Salts  ( phosphates  and  chlorides  of  the  alkalies,  lime,  and  magnesia)  0-46 
Water 9101 
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Tea  cannot  be  regarded  as  a  nutriment  in  the  sense  of  supplying  material 
to  maintain  structure  and  generate  heat ;  it  rather  tends  to  excite  vital  activity, 
particularly  acting  as  a  respiratory  stimulant.  But  while  tea  alone  affords  little 
nutritive  material  the  addition  of*  sugar  and  milk  converts  it  into  a  useful  food. 

Analysis  of  Tea  (Peligot). 
Percent.         i  Percent. 

Theine 20-30        !  Fat 40 

Casein        150  I  Vegetable  fibre      .     .     .    200 

Gum 18.0  Minerals 60 


Tannin 26.25 

Starch        0.75 


Water 50 


Coffee  also  excites  the  nervous  system,  but  not  to  the  same  degree  as  tea, 
whilst  it  scmiewhat  depresses  the  respiratory  function.  It  exerts  a  marked 
sustaining  influence  under  fatigue  and  privation,  and  it  appears  to  diminish 
the  waste  of  the  tissues  (Leiimann),  or  to  render  the  elements  of  the  body 
more  stable  (Gasparin),  thus  economizing  other  nourishment;  but  both 
theories  are  doubtful  (Roux). 

Among  vegetables  tve  may  distinguish — 

1.  Those  rich  in  albumen  and  nitrogen — cabbage,  asparagus,  cress, 
mushrooms,  and  truffles.  These  are  all  very  nutritious,  the  two  latter 
yielding  from  3*1  to  7  per  cent,  nitrogen  (Schlossberger).  The 
young  cabbage  contains  from  1*5  to  2  per  cent,  of  nitrogenous  in- 
gredients (Anderson). 

2.  Those  rich  in  mucilage  and  salts — white  beet,  lettuce,  and 
endive.  They  contain  much  water,  mucilage,  inulin,  and  malates, 
oxalates,  etc.,  especially  of  potash  and  lime.  Potash  salts  predominate 
in  sour  kraut,  Brussels  sprouts,  and  asparagus,  and  soda  in  spinach,  etc. 

3.  Those  rich  in  acids — sorrel,  tomato,  rhubarb,  asparagus.  They 
are  useful  as  excitants  of  digestion. 

4.  Those  containing  little  or  no  starch — lettuce,  endive,  spinach, 
asparagus,  artichoke,  leeks,  white  onions,  and  parsnips. 

5.  Those  rich  in  sugar — beet  roots,  Jerusalem  artichokes,  can*ots. 
Ripe  fruits  also  contain  much  sugar. 

Among  fruits  tve  may  also  distinguish  (Gautier) — 

1.  Those  containing  much  sugar — pears,  apples,  peaches,  apricots, 
prunes,  melons,  oranges,  strawberries,  figs,  grapes,  &c.  When  ripe 
they  are  easy  of  digestion,  and  generally  contain  such  vegetable  acids 
as  malic,  citric,  turtaric,  etc. 

2.  Acid  fruits — lemon,  gooseberry,  tamarind,  etc. — contain  less 
sugar  but  a  greater  amount  of  acid  than  the  preceding. 

3.  Starchy  fruits — chestnuts,  bread  fruit. 

4.  Oily  fruits — nut.s  of  different  kinds,  sweet  almonds,  etc. 

In  conclusion,  with  regard  to  albuminous  foods  it  may  be  stated,  in 
general  terms,  that  wherever  vital  operations  are  going  on  there  nitro- 
genous matter  is  to  be  founds  the  operations  of  life  occurring  through 
its  instrumentality.  The  nitrogenous  tissues,  which  are  the  machines 
for  living  actions,  have  first  to  be  constructed  and  then  maintained. 
Accordingly  nitrogenous  food  is  reouired  for  the  construction  as  ivell 
as  the  maintenance  of  the  tissues.  Hard  work  is  best  performed  with 
an  abundant  supply  of  proteids,  Jis  this  leads  to  a  better  nourished 
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condition  of  the  animal  machine  and  its  component  parts,  such  as 
muscle  and  the  like;  and  to  keep  up  this  good  condition  for  work  a 
liberal  supply  of  nitrogenous  food  is  absolutely  essential.  In  addition 
to  supplying  the  nitrogenous  waste,  and  forming  one  of  the  great 
sources  of  fat  in  the  economy,  the  proteids  excite  the  metabolic  activity 
of  the  hody^  and  hence  they  are  not  stored  up  so  readily  as  the  fats 
and  carbohydrates. 


CHAPTER  VI. 

FATS,  CARBOHYDRATES,  AND  MINERALS, 

FATS  AND  CARBOHYDRATES.^Starch,  sugar,  and  dextrin  are 
easily  assimilated,  but  the  gums  and  celluloses  are  not  so.  In  the  pre- 
vious chapter  reference  has  been  made  to  the  amount  of  these  carbo- 
hydrates and  fats  present  in  different  foods.  These  bodies  may,  to  a 
certain  extent,  replace  the  nitrogenous  foods.  The  proteids,  we  have 
seen,  can  undergo  metamorphoses  fitting  them  to  evolve  energy,  but 
the  combustible  material  which  evolves  energy  most  largely  and 
efficiently  is  supplied  in  the  fats  and  carbohydrates;  indeed,  as  force- 
producers  they  possess  a  very  high  dietetic  value;  and  as  great  store- 
houses of  potential  energy  they  may  be  regarded  as  the  ultimate^ 
though  not  necessarily  the  direct  sources  of  heat  as  well  as  of  muscular 
energy.  The  potential  energy  of  the  fats,  however,  is  much  greater 
than  that  of  the  carbohydrates,  developing  more  than  twice  as  much  heat. 

With  a  fixed  quantity  of  the  fats  or  carbohydrates  an  increa.se  in 
the  accompanying  proteid  leads  to  an  increase  in  the  carbon  consump- 
tion, owing  to  the  proteids  favoring  an  increase  in  the  metabolism  of 
both  kinds  of  food. 

As  to  the  rdle  played  by  alcohol  in  the  economy  there  is  still  some 
difference  of  opinion,  but  the  weight  of  evidence  is  in  favor  of  the 
theory  that  it  acts  more  or  less  as  an  aliment.  When  ingested  in 
excess  much  of  it  traverses  the  system  unburnt,  and  is  then  found  in 
the  urine,  sweat,  and  expired  air  (Lallemand,  Perrin,  etc.);  but 
when  taken  in  a  moderate  dose  the  amount  eliminated  by  the  urine 
forms  but  a  small  proportion  of  that  absorbed  (Dupre);  some  even 
maintain  that  the  quantity  thus  excreted  does  not  amount  to  more  than 
0-7  per  cent.  (Thresh).  The  chief  portion  of  the  alcohol  in  the  latter 
case,  therefore,  undergoes  consumption  in  the  body  (Anstie,  Thudi- 
CHUM,  ScHULiNUS,  BAUDOT,  &c.)  We  shall  see  elsewhere  that  a  little 
alcohol  is  even  generated  in  the  tissues  of  the  organism  itself  (Becii amp). 

Alcohol  does  not  appear  to  increase  the  production  of  heat  as  a 
chemical  agent  (E.  Smith),  rather  in  large  amount  lowering  the  tem- 
perature by  checking  some  of  the  oxidations  occurring  in  the  body, 
particularly  when  abnormal,  as  in  fevers.  It  also,  when  given  in  a 
state  of  health,  tends  to  diminish  muscular  power,  but  indirectly  the 
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effect  may  be  to  increase  it  by  improving  the  tone  of  the  system 
through  the  appetite  and  digestion  of  food. 

While  the  carbonic  acid  exhaled  is  slightly  diminished  when  wines 
and  beer  are  taken  in  moderate  quantity,  the  secretion  of  the  gastric 
and  pancreatic  juices  is  favored,  and  there  is  a  gentle  excitation  of  the 
nerve  centres,  and  at  the  same  time  an  undoubted  addition  made  in  the 
form  of  salts,  fats,  glycerin,  and  albuminoids — beer  not  only  being 
stimulating  and  tonic,  but  also  nutritious.  Indeed,  of  the  alcoholic 
drinks  beers  occupy  the  first  place  as  foods;  then  come  cider  and 
perry,  and  then  wines ;  and  as  they  sustain  and  increase  vital  action 
they  must  be  regarded  as  true  foods  (E.  Smith).  According  to  VoiT 
also  alcohol  must  be  regarded  as  a  food,  as  under  its  influence  fewer 
substances  are  decomposed  in  the  body. 

MINEEALS. — The  several  salines,  including  the  extractives  of 
animal  and  vegetable  food,  are,  in  a  sense,  quite  as  essential  elements 
of  a  dietary  as  its  proteids,  fats,  or  carbohydrates.  They  appear  to 
regulate  in  some  way  the  energy  of  the  food  stuffs  (Foster),  a  diet 
from  which  phosphorus  or  phosphates,  chlorides,  and  potash  or  soda 
salts  are  absent,  being  useless  for  nutritive  purposes.  The  important 
salts  in  the  organism  have  already  been  referred  to  (p.  48),  and  it  has 
been  pointed  out  that  of  the  inorganic  food^  the  most  important  is 
water,  which  fonns  about  75  to  85  per  cent,  of  the  body  weight.  It  is 
required  to  maintain  the  due  bulk  of  the  blood  and  other  animal  tissues 
of  which  it  is  so  large  a  constituent,  and  in  addition  it  is  useful  in 
mastication  and  digestion,  facilitating  these  processes,  and  in  keeping 
up  the  constant  outpourings  and  reabsorptions  of  great  volumes  of 
liquid  in  the  alimentary  canal,  and  in  the  tissues  generally,  by  which 
the  body  fluids,  and  particularly  the  blood,  are  maintained  in  a  normal 
condition.  It  also  keeps  different  substances  in  solution  or  suspension 
in  the  body,  and  serves  as  a  vehicle  to  carry  away  waste  products,  and 
at  the  same  time  regulates  the  temperature  of  the  body  by  its  evapo- 
ration at  the  surface. 

There  is  about  15  to  25  ounces  of  water  contained  in  the  solid  food 
taken  in  the  24  hours;  but  besides  this  60  to  70  ounces  more  are 
required. 

The  remainiHij  salts  of  importance  are  sodium  chloride,  carbonate 
of  lime,  and  the  phosphates  of  j)Otash,  soda,  and  lime,  and  in  smaller 
amount  salts  of  magnesia,  iron,  and  silica.  If  an  animal  is  deprived 
of  these  salts  they  will  diminish  in  the  urine.  They  are  required  to 
maintain  the  constitution  of  the  tissues,  and  they  are  essential  in 
keeping  up  the  diffusion  streams  in  the  organism.  Some  of  the  salts 
fulfil  a  special  function :  thus  the  hydrochloric  acid  of  the  gastrrc  juice 
is  formed  at  the  expense  of  the  chlorides,  while  the  alkaline  carbonates 
and  the  alkaline  salts  of  the  vegetable  acids  serve  to  neutralize  the 
sulphuric  and  phosphoric  acids  formed  in  the  system  by  the  oxidation 
of  the  sulphur  and  phosphorus  of  the  proteids,  soda  probably  playing 
a  similar  7'6le.  Under  normal  conditions  it  is  probable  that  the  food 
contains  an  excess  of  salts;  these  are  generally  excreted  in  the  urine, 
although  it  is  possible  that  occasionally  some  of  the  excess  may  be 
stored  up  in  the  organism,  so  that  at  times  more  salts  may  be  excreted 
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by  the  urine  than  is  taken  in  the  food  without  any  consequent  evil 
results.  It  should  be  remembered  that  the  change  of  food  in  children 
from  one  purely  of  milk  to  a  mixed  diet  may  result  in  a  considerable 
deficiency  of  lime  salts — a  purely  flesh  diet,  for  example,  being  very 
poor  in  lime. 


CHAPTER  VII. 

STARVATION. 

Let  us  now  briefly  consider  some  of  the  changes  that  occur  in  the 
body  when  it  is  deprived  of  a  sufficiency  of  food.  By  starvation  the 
greatest  loss  occurs  in  the  adipose  tissue  and  glandular  organs,  as  seen 
in  the  following  table  of  Voit*s,  recording  the  results  of  starving  a  cat 
for  13  days: — * 

Adipose  tissue lost  970  per  cent,  of  its  original  weight. 

Spleen "    631        "  " 

Liver ''    566        " 

Skeletal  muscles  ....  "    30*2        '*  '* 

Blood "    17-6        *• 

Brain  and  spinal  cord    .    .  **      00 

Accordingly  we  find  that  the  destruction  of  albuminoids,  when  the 
organism  is  deprived  of  food,  is  detennined  not  only  by  the  size  of  the 
organ,  but  by  the  amount  of  fat  present — the  more  the  fat,  so  much 
the  less  destruction  of  albumen.  This  Voit  found  to  be  the  case  with 
cats  and  dogs;  and  it  holds  good  also  with  herbivorous  animals,  such 
as  rabbits,  the  decrease  of  fat  being  correlated  to  an  increased  con- 
sumption of  albumen — this  being  longer  delayed  in  an  animal  rich  in 
fat,  but  manifesting  itself  in  a  few  days  in  lean  animals,  albumen  alone 
being  ultimately  consumed  (Rubner).  The  influence  of  the  fat 
KccKEiN  assumes  to  be  exerted  in  restraining  the  solution  and  circu- 
lation of  albuminoids,  and  the  consequently  smaller  chance  for  their 
disintegration,  this  influence  being  chiefly  exerted  by  the  fat  present 
in  the  juices  and  in  the  organs  where  the  albumen  disintegration  occurs, 
and  not  by  the  fat  stored  up  under  the  skin  and  serous  membranes,  etc. 

According  to  H.  Ranke,  in  children  dying  from  ivasting  diarrlnn^a^ 
atrophy  of  the  various  organs  occurs,  just  as  in  animals  dying  from 
starvation.  In  OhlmCller's  experiments  the  bones  and  brain  lost 
much  less  weight  than  the  other  organs,  but  the  skin  decreased  con- 
siderably, owing  to  the  complete  disappearance  of  the  adipose  tissue. 
In  the  normal  infant  there  are  40  per  cent,  of  solids,  but  in  the 
atrophic  only  24  per  cent.,  the  relative  increase  of  water  being  due  to 
the  less  amount  of  fat  constituents,  which  are  only  3  per  cent,  in  com- 
parison with  21  per  cent,  in  the  normal  infant.  The  active  organs 
upon  which  the  maintenance  of  life  depends  are  protected  from 
decrease  possibly  at  the  expense  of  the  organic  albuminoids,  which, 
becoming  fluid,  enter  the  circulation  and  are  consumed;  only  when 
this  supply  fails  do  these  organs  begin  to  suffer  loss  of  substance. 
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CHAPTER  VIII. 

CHEMISTRY  OF  THE  ALCOHOLS  AND  FATTY  ACIDS,  ETC, 

Reference  will  be  made  to  but  a  few  of  these  bodies,  and  only  so  far 
as  it  concerns  our  present  subject.  For  additional  details  the  student 
is  referred  to  one  of  the  larger  text  books  on  organic  chemistry. 

A.    The  term  alcohol  is  applied  to  compounds  of  hydroxyl  (OH) 

with  univalent  or  multivalent  hydrocarbon  radicles,  or  more  simply 

H  ) 
alcohol  may  be  looked  on  as  water,  tt  >  0,  in  which  half  the  hydrogen 

is  replaced  by  an  organic  radicle;  and  accordingly  alcohols  may  be 

regarded  as  the  hydroxyl  substitution  derivatives  of  the  hydrocarhonSy 

being  therefore  the  organic  analogues  of  the  metallic  hydrates. 

From  propane,  CaH^,  are  thus  derived  the  three  alcohols :  propyl 

alcohol,  CglL^OH) ;  propenic  alcohol,  or  propyl  glycol,  C3Hg(OH)2 ; 

and  propenyl  alcohol,  or  glycerin.     Of  the  chief  alcohols  there  are 

three   classes ;    monatomic^   as  methyl   alcohol,    CH3OH,   and   ethyl 

alcohol,  C2H5OH ;  diatomic^  as  the  glycols^  ethyl  glycol,  C2H^(OH)2, 

prophyl  glycol,  C3H<5(OII)2,  and  butyl  glycol,  C4Hq(0H)2;  and  tri- 

atomic^  as  glycerin,  C3H5(0H)3. 

C  H     1 
Cholesterin  is  a  true  alcohol,      ^tt^   \  0,  and  is  probably  the  only 

one  found  as  such  in  the  body. 

ETHYL  ALCOHOL  (CaH.O).— This  is  the  well-known  alcohol  of 
commerce,  and  is  chiefly  obtained  by  the  fermentation  of  cane  and 
grape  sugar,  in  which  process  carbonic  anhydride  is  evolved  and  alcohol 
formed,  a  number  of  other  bodies  making  their  appearance  in  addition, 
as  glycerin,  succinic  acid,  cellulose,  fats,  and  occasionally  lactic  acid. 

The  strongest  rectified  spirit  of  commerce  contains  13  to  14  per 
cent,  water,  and  has  a  specific  gravity  about  0*835.  Absolute  alcohol^ 
as  its  name  implies,  is  free  from  water;  it  is  colorless,  and  has  a  specific 
gravity  of  0*7938,  boiling  at  78*4°.  Proof  spirit  has  a  specific  gravity 
of  0*919,  and  contains  V^\  per  cent,  alcohol.  Methylated  spirit  is  a 
mixture  of  90  per  cent,  spirits  of  wine  of  a  density  of  0*83,  and  of  10 
per  cent,  partially  purified  wood  spirit  (methyl  alcohol). 

When  alcohol  is  heat<?d  in  a  test  tube,  either  alone  or  with  caustic  pota.sh,  it 
volatilizes  without  bein<r  blackened,  its  vapor  havinjj:  a  characteristic  odor 
and  beinir  combustible.  It  is  not  blackened  when  heated  with  sulphuric  acid. 
When  a  little  stronjr  sulphuric  acid  is  added  to  it,  and  then  some  dilute  solu- 
tion of  potassic  bichromate  (one-third  per  cent.)  poured  into  it,  a  green 
color  is  produced  at  the  point  of  contact. 

To  Separate  Alcohol  from  Organic  Tissues  or  Fluids. — Boil  for  some 
time  with  water,  or  boil  their  watery  extracts,  and  then  distil.  In  the 
case  of  urine  add  tannic  acid  before  distilling.  The  distillate  must  be 
rendered  alkaline  with  caustic  potash  and  again  distilled.  This  last 
distillate  is  acidified  with  sulphuric  acid  and  distilled  for  a  third  time, 
when  all  the  alcohol  will  be  present  in  the  receiver.  It  may  be  ren- 
dered anhydrous  by  distilling  it  once  again  after  saturation  with  quick 
lime  or  potassium  carbonate. 
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With  vomited  matter,  or  where  much  alcohol  is  present,  it  is  advis- 
able to  make  a  series  of  distillations  after  successive  additions  of  sodium 
chloride  to  the  fluid  in  the  receiver. 

To  determine  quantitatively  the  alcohol  is  first  transfoniied  into  acetic 
acid,  and  this  determined  volunietrically.  To  effect  this  conversion  sulphuric 
acid  and  some  potassic  bichromate  solution  (one-third  per  cent.)  are  added  to 
the  fluid,  and  the  whole  heated  for  two  hours  in  a  water  or  sand  bath  at  80° 
to  90°.  The  resultinjr  acetic  acid  is  distilled  out  and  the  distillate  titrated 
with  standard  soda  solution. 

GLYCEEnr  (Propenyl  Alcohol),  G^^ifi^  or  ^^JJs  I  o,.— This  is  a 

triatomic  alcohol  which  forms  a  nearly  colorless,  viscid,  and  very  sweet 
syrupy  liquid  that  is  very  hygroscopic  and  very  soluble  in  water  and 
alcohol,  but  insoluble  in  ether.  At  15°  it  has  a  specific  gravity  of 
1*26,  begins  to  evaporate  at  100°,  and  boils  at  290°;  it  forms  a  gummy 
mass  at  — iO°,  and  crystals  have  been  obtained  of  it  belonging  to  the 
rhombic  system.  Glycerin  dissolves  up,  especially  with  the  aid  of 
heat,  the  oxides  of  copper  and  lead  and  of  the  alkali  metals,  etc. ;  the 
fatty  acids,  iodine,  and  many  organic  bodies,  such  as  cholesterin  and 
uric  acid,  are  also  dissolved  by  it,  and  it  acts  as  a  particularly  good 
solvent  for  the  ferments.  Glycerin  oxidizes  easily  in  the  air,  and 
rapidly  reduces  silver  nitrate. 

Preparation. — It  is  obtained  in  the  saponification  of  fats  by 
caustic  alkalies,  or  by  the  decomposition  of  these  bodies  by  super- 
heated steam.  When  stearin  is  boiled  with  caustic  potash  a  stearate  is 
formed,  and  glycerin  is  set  free : 

C3H5  j  ^3  +  rfji  I  U-d  K  j  ^  +     H3  j  ^3- 

(tristearine)  (potassic  stearate) 

The  formation  of  glycerin  may  be  shown  on  a  small  scale  by  mix- 
ing a  little  fat  with  some  finely  powdered  plumbic  oxide  and  water,  and 
then  heating ;  a  lead  plaster  is  formed  and  glycerin  remains  in  solution 
in  the  water.  Filter  and  pass  a  current  of  sulphuretted  hydrogen 
through  the  liquid,  evaporate  to  a  small  bulk,  and  filter  again. 

Combinationfl,  Etc. — Combined  with  the  different  fatty  acids  it  constitutes 
a  larjre  part  of  animal  and  ve«retaV)le  fats.  In  the  fret;  state  it  may  be  met 
with  in  suudi  quantities  only  in  the  intestines,  as  the  result  of  the  acticm  of 
pancreatic  juice  on  the  fats.  When  heated  with  acetic  and  benzoic  acids,  etc., 
it  fonns  compound  ethers ;  these  jrlyceric  ethers  or  <;lycerides  are  mostly  oily, 
but  those  formed  by  the  higher  fatty  acids,  as  palmitic  and  stearic  are  solid 
fats.  Most  fats  and  <nls  are  mixtures  of  ethereal  salts  formed  from  «rlycerin 
and  acids  of  the  acetic  and  oleic  series.  With  chlorine,  bromine,  and  iodine  it 
forms  substitution  compounds ;  and  at  hitrh  temperatures  and  pressures  it 
enters  into  combination  with  certain  inorjranic  acids,  as 

i OH  ( OH 

glycerin-sulphuric  acid,  CJI3  ^  OH     ,  glycerin-phosphoric  acid,  C3H5  -  OH     , 

(  SO,H  (P<\H, 

and  trinitrin  or  nitrojrlvcerin,  C\H.(N()J.,. 

Detection. — Evaporate  the  licjuid  to  be  tested  after  the  addition  of  caustic 
lime  and  sand.     The  powdered  residue  is  exhausted  with  a  mixture  of  etjual 
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parts  of  alcohol  and  ether,  the  solvent  removed  by  evaporation,  and  the  residue 
heated  very  carefully  to  120^  with  two  drops  of  phenol  and  the  same  quan- 
tity of  strong  sulphuric  acid.  The  melt  is  treated  with  a  little  water,  and  the 
insoluble  residue  rendered  slightly  ammoniacal,  when  the  beautiful  red  colora- 
tion of  glycere'in  will  appear. 

B.  Closely  allied  to  the  alcohols  are  the  acida^  which  are  readily 
obtained  from  them  by  oxidation.  The  monatomic  alcohols  {CJi^^fi^ 
or  C„H2„+iOH)  give  origin  to  the  monohmic  acetic  acid  series  (C„H^2^2), 
as  formic  acid,  CHgOj  or  HCHOg.  In  this  conversion  by  oxidation  it 
may  be  assumed  that  the  CH.2OU  group  has  been  changed  into  the 
carboxyl  or  COOH  eroup.  The  diatomic  alcohols  or  glycols  [C„H2^+202 
or  C„H2«(OH)2]  by  their  oxidation  give  rise  to  two  series  of  acids,  the 
(jlycollic  (C„H2„03)  and  the  oxalic  (C„H2„_204).  Thus  ethene  alcohol  or 
ethyl  glycol  treated  with  nitric  acid  gives  up  2  or, 4  of  its  hydrogen 
atoms  in  exchange  for  oxygen,  according  as  the  oxidation  occurs  at  a 
low  or  high  temperature,  glycollic  or  oxalic  acid  being  produced;  as 

C2H,(OH)2+02-C2HA+H20 

(ethyl  glycol)  (glycollic  acid) 

(oxalic  acid) 

Of  the  glycollic  or  lactic  aericH  the  important  members,  physiologi- 
cally speaking,  are  carbonic  (H2CO3),  glycollic  (IIC2H3O3),  and  lactic 
(HC3H5O3)  acids.  With  the  exception  of  the  carbonic  they  are  all 
monobasic. 

The  important  members  of  the  oxalic  series  to  which  reference  will 
be  made  are  oxalic  (H2C2O4)  and  succinic  (HoC^H^OJ  acids.  These 
are  all  dibasic. 

I.    The  fatty  or  acetic  acid  series. 

Formic  acid      ....  CH..O,      or  CHO.OH. 

Acetic       "        ....  C,H\o.^      "  CHhO.OH. 

Propionic "        ....  C.,HA      "  C^Hp.OH. 

Butyric     " CJIhO,      "  C^H^O.OH. 

Valerianic*' C-,B,oO,    "  C:,H<,O.OH. 

Caproic      " C«H,..0..    "  C«B„O.OH. 

Palmitic    " CieH^.O.^   "  C,«H3iO.OH. 

Stearic      *'.....  CmH^O,  "  C„H:^O.OH. 

FORMIC  ACID,  CH().()H,  ha.s  been  found  in  several  organs  and  fluids 
of  the  body,  such  as  the  spleen,  pancreas,  thymus,  and  brain,  and  in  the  juice 
of  nuiscle.  In  leukojmia  it  is  more  generally  spread,  and  ma\'  present  itself  in 
the  blood,  urine,  sweat,  and  marrow. 

It  is  obtained  bv  the  o.xidation  of  oriranic  sul).stanees  in  general,  such  its 
sugar  and  starch.  Formic  acid  acts  as  a  powerful  reducing  agent,  as  can  be 
shown  by  heating  it  with  silver  or  mercuric  salts ;  and  it  may  be  regarded  as 
oiui  of  the  excret<»ry  products  of  tissue  change,  though  it  is  in  great  part  fur- 
ther burnt  to  carbonic  anhydride  and  water. 

ACETIC  ACID.  CJI,().()H  or  CH.,CO.OH.  is  a  col..rless  licpiid,  the 
stronire.st  form  solidifyinjr  to  an  ice-like  mass  below  1.5^.  and  hence  the  name 
(jlacial  applied  to  it. 

It  is  present  in  the  juice  of  muscle  and  of  many  glands,  as  the  spleen,  ete.; 
also   in  bile  and  sweat,  and   in  the  stomach  and   intestine  as  the  result  of 
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fermentations,  especially  after  the  ingestion  of  sugar  and  starch,  particularly 
in  catarrhal  condition  of  the  mucous  membrane.  The  glacial  acetic  acid  is 
prepared  by  distilling  sodic  acetate  with  strong  sulphuric  acid. 

Acetic  acid  forms  normal  or  neutral  acetates,  as  KC^HgO^ ;  and  add  salts, 
as  KCjHjO.CjH^O.  With  lead  the  following  salts  are  formed :  normal  acetate, 
or  sugar  of  lead,  PblC^HjOj^,  which  is  soluble  in  alcohol  and  slightly  soluble 
in  water;  and  the  basic  salts  or  suhacetates :  ses(juibasic  acetate  (Goulard's 
extract),  2Pb(C2H302)2PbO;  triplumbic  acetate,  PbCC^HgO,)  2 PbO,  obtained 
by  mixing  a  cold  saturated  solution  of  the  normal  salt  with  a  fifth  of  its 
volume  of  ammonia ;  and  sexplumhic  acetate^  Pb(  C2H302).^5PbO,  formed  by 
adding  a  great  excess  of  ammonia  to  a  solution  of  the  normal  salt. 

Test. — It  gives  a  red  color,  but  no  precipitate,  with  ferric  chloride  (Fe^Clg), 
but  this  color  is  discharged  by  hydrochloric  acid.  The  same  red  coloration  is 
also  given  wath  formic,  pyrogallic,  sulphocyanic,  and  meconic  acids.  But  the 
ybr ?«ic  and  ^^r^/^raZ^ic  aciffs  precipitate  silver  nitrate  solutions  with  reductitm 
of  metallic  silver,  and  the  pyrogallic  acid  gives  also  a  blackish  blue  coloration 
with  ferrous  sulphate.  The  red  coloration  given  by  sulphocyanic  add  is  dis- 
charged by  mercuric  chloride,  but  not  by  hydrochloric  acid,  while  that  given 
by  meconic  acid  is  removed  by  neither  of  these  bodies. 

To  separate  acetic  acid  the  gcnerid  plan  may  be  adopted  of  making  two 
distillations  of  the  licjuid  containing  it,  the  first  being  made  after  the  additi(«i 
of  a  few  drops  of  sulphuric  acid,  and  the  resulting  distillate  then  satunited 
with  carbonate  of  soda,  evaporated  to  dryness,  and  again  submitted  to  distilla- 
tion after  being  dissolved  up  in  dilute  sulphuric  acid.  Formic  acid  may  be 
present  in  the  distillate,  but  it  can  readily  be  separated  by  boiling  the  distillate 
with  mercuric  oxide,  which  decomposes  the  formic  acid. 

FHOFIONIC  ACID  occurs  sometimes  in  the  sweat,  and  occiisionally  in 
fermenting  diabetic  urine,  and  in  the  intestinal  tract ;  it  has  also  been  described 
as  present  in  the  blood  in  leukaemia  and  in  the  vomited  matters  in  cholera. 

BTJTTBIC  ACID. — Two  modifications  are  known — normal  or  fennentation- 
butyric  or  ethyl-acetic  acid,  and  isobutyric  or  dimethacetic  acid. 

It  is  found  free  in  the  sweat  and  as  a  triglycerid  in  butter ;  it  is  also  met 
with  in  the  faeces  and  luine,  in  the  juice  of  muscle  and  of  many  glands,  and 
in  various  kinds  of  decomposing  animal  and  vegetable  matter.  Pathologically 
it  appears  in  the  free  state  in  the  stomach,  urine,  blood,  fluid  of  ovarian  cysts, 
and  in  the  sputa  in  gangrene  and  bronchiectasis  of  the  lung.  It  occurs  in  the 
organism  together  with  lactic  acid,  in  consetjuence  of  putrid  fermentations  of 
starches  or  saccharine  bodies. 

Butyric  acid  is  a  viscid  li(|uid  that  burns  with  a  blue  flame,  and  is  easily 
soluble  in  water,  alcohol,  and  ether,  calcic  chloride  separating  it  from  its  solu- 
ticms  as  an  oily  liquid.  It  is  precipitated  by  sulphate  of  copper  and  hydrate 
of  baryta,  and  gives  a  yellow  precipitate  with  nitrate  of  silver  (C^ILAgOj,  and 
salts  of  lead  and  zinc  also  combine  with  it. 

VALERIANIC  ACID  is  often  present  in  the  faeces  and  is  an  oily  licjuid. 
Valerianate  of  ammonia  is  produced  in  the  putrefaction  of  impure  leucin,  and 
accordingly  it  may  be  met  with  in  the  urine  in  acute  atrophy  of  the  liver,  and 
in  typhus  and  variola. 

CAFHOIC  ACID  is  an  oily  fluid  contained  in  butter ;  it  occurs  in  faeces 
after  a  meat  diet,  and  is  occasionally  also  to  be  found  in  sweat.  It  is  produced, 
together  with  other  acids  of  the  fatty  series,  by  the  oxidation  of  albuminous 
substances  and  of  the  higher  fatty  acids. 

The  palmitic  and  stearic  acids  are  insoluble  in  water,  readily  soluble  in 
ether,  chloroform,  or  hot  alcohol,  soluble  also  in  glacial  acetic  acid.     They 


G2  NUTRITION   AND   FOODS. 

ent<3r  into  the  composition  of  nearly  all  vegetable  and  animal  fats,  forming 
glycerides,  and  combine  with  the  alkalies  to  form  soaps,  the  latter  generally 
consisting  of  mixtures  of  the  potash  and  soda  salt«  of  these  and  other  fatty 
acids,  the  soda  soaps  being  known  as  the  hard  and  the  potash  soaps  as  the  soft 
soaps. 

PALMITIC  ACID  (C,5H3jCO.OH)  is  a  colorless  solid  body,  crystallizing 
in  beautiful  white  needles,  or  in  masses  of  crystalline  scales  when  it  cools 
after  having  been   melted.     It   forms   three   ethers   or   palmitins — monopal- 

mitin,   C3H5  •  ^,  h  n  V'  ^^P*^""^"^  ^s^s  1  (T  H  O  "i  *    ^"^    tripalmitin, 

C3H-(C,gH3,0.j3.  Piilmitic  acid  is  occasionally  met  with  in  decomposing  pus? 
cheesy  tubercle,  and  sputa  in  gangrene  of  the  lung. 

STEARIC  ACID  is  the  chief  constituent  of  the  more  solid  animal  fats» 
a,s  suet  and  the  like ;  but  it  is  also  abundant  in  the  softer  fats,  as  in  human  fat 
and  butter.  It  crystallizes  in  large  glancing  scales,  and,  like  palmitic  acid,  it 
forms  stearic  ethers  or  stearins.  It  is  generally  found  mixed  with  palmitic 
acid,  tliough  this  latter  may  be  chiefly  present,  as  in  palm  oil,  but  they  can  be 
separated  by  dissolving  the  mixture  in  hot  alcohol  and  adding  to  this  an  alco- 
holic solution  of  acetate  of  magnesia ;  magncsic  stearate  crystalHzes  out,  which 
can  then  be  decomposed  by  hydrocliloric  acid.  By  heating  the  separated 
stearic  acid  again  with  hydrochloric  acid,  and  crystallizing  it  several  times  from 
alcohol,  the  stearic  acid  can  be  obtained  in  moderate  purity. 

II.  Of  the  glycollic  series  we  shall  only  refer  to  LACTIC  ACID,  C,H,0„ 
wliich  forms  a  s}Tupy  colorless  liquid,  soluble  in  water,  alcohol,  and  ether. 
Two  or  three  of  its  four  isomeric  modifications  exist  in  the  body.  As  ethyU- 
dene- y  /er mentation-^  or  iso-lactie  acid  it  is  obtained  in  lactic  acid  fermentation, 
and  the  same  iurm  is  met  with  in  the  intestinal  tract,  occurring  also  in  many 
glands  and  in  ganglionic  nerve  cells.  Ethylene  lactic  acid  generally  accom- 
])anies  cthidene',  para-,  or  sarco-lactic  acid  in  the  watery  extract  of  muscle,  but 
with  regard  to  its  presence  there  is  still  some  doubt,  although  it  is  said  to  have 
been  found  also  in  certain  pathological  exudations  (WiSLrcENrs).  The  sarcfj- 
lactic  acid,  appears  in  muscles,  especially  after  prolonged  activity,  also  in  the 
hei)atic  cells.  It  diffei*s  from  ordinary  lactic  acid  in  polarizing  light  largely, 
the  free  acid  being  dextro- and  the  anhydride  la>vo-rotatory ;  and  in  its  salts 
crystallizing  differently,  and  with  a  smaller  proportion  of  water. 

Ahnormally  lactic  acid  is  met  with  in  the  blood,  particularly  in  leukaemia, 
pyaemia,  puerperal  fever,  and  may  show  itself  in  purulent  discharges,  in  the 
saliva  in  diabetes,  and  in  the  urine,  especially  after  phosphorus  poisoning,  in 
acute  atrophy  of  the  liver,  leuk{X3mia  and  trichinosis,  and  occasionally  in  osteo- 
malacia and  rickets. 

Preparation. — Dissolve  cane  sugar,  3  kilo.,  in  1.3  litres  boiling  water,  and 
add  13  grams  tartaric  acid;  and  after  several  days  mix  with  this  4  kilo,  sour 
milk  with  which  has  been  stirred  up  100  grams  old  cheese  and  1-5  grams  carb. 
of  zinc.  Leave  for  eight  days  at  30°  to  35° ;  collect  the  deposit  of  lactate  of 
zinc  and  crystallize  it  out  of  hot  water;  dissolve  it  up  again  in  boiling  water, 
and  pass  a  current  of  sulphuretted  hydrogen  through  the  solution.  The  fil- 
trate is  then  to  be  evaporated  to  a  thin  syrup  and  shaken  up  with  ether,  and 
the  ether  extract  distilled  off"  over  a  water  bath. 

(See  the  preparation  of  sarcolactic  acid  under  Muscle.) 

Lactic  acid  Is  possibly  a  derivative  in  the  organism  of  sugar:  CgH,20g= 
2(C3Hg03).  Its  decomposition  into  carbonic  acid  and  water  is  easily  elFected  in 
the  system,  although  it  may  at  first  be  split  into  butyric  acid,  carbonic  acid, 
and  hydrogen  (Hoppe  Seyler). 
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A  watery  solution  of  lactic  acid,  when  exactly  saturated  with  caustic  soda, 
will  after  some  time  again  show  an  acid  reaction.  A  similar  solution  also  possesses 
the  property  of  suddenly  diminishing  in  its  specific  rotatory  power  on  light 
when  dilated,  this  gradually  rising  again,  but  never  to  its  original  amount.  If 
boiled  with  carbonate  of  lime,  lactate  of  lime^  2[(  CaHjOgXCa]^- 9 H^O,  sepa- 
rates in  tufts  of  fine  needles.  Lactate  of  ziiiCy  Zn{C^Hfi^\-\-3llfij  is  ob- 
tained in  crystalline  needles  or  crusts:  it  is  insoluble  in  alcohol,  but  is  slightly 
soluble  in  water,  the  paralactate  being  much  more  soluble  than  the  ordinary 
lactate.  It  also  forms  little  silky  needles  when  boiled  with  carbonate  of  silver ; 
this  silver  lactate  is  almost  insoluble  in  cold,  but  easily  soluble  in  hot  alcohol, 
and  if  long  boiled  the  alcoholic  solution  takes  a  blue  color. 

III.  Of  the  oxalic  series  we  shall  describe  the  two  following: — 

OXALIC  ACID,  C,H  0,  or  (COOH)(COOH),  only  exists  in  the  body  in 
a  combined  form,  principally  as  oxalate  oflinie  (CaCjjO^).  The  characters  of 
this  body  are  given  under  urinary  deposits.  In  this  form  also  it  exists  ready 
formed  in  many  plants,  often  separating  out  of  their  juice  in  microscopic  octa- 
hedral crystals,  and  aft^er  the  use  of  these  vegetables  it  may  appear  abundantly 
in  the  urine.  It  is  also  abundant  in  the  urine  in  chronic  catarrh  of  the  blad- 
der and  in  different  mucous  inflammations,  and  occasionally  it  is  found  in  the 
mucous  membrane  of  the  gall  bladder  and  uterus.  It  is  possibly  held  in  solu- 
tion in  the  urine,  before  being  deposited,  by  the  urates  and  acid  sodic  phos- 
phate (Neubauer).  But  oxalate  of  lime  can  also  be  built  up  in  the  organism. 
An  injection  of  urates  into  the  blood  increases  the  oxalate  of  lime  in  the  urine, 
so  that  it  is  possible  for  the  oxalic  acid  to  originate  in  the  organism  from  uric 
acid ;  but  under  normal  conditions,  when  active  oxidation  is  going  on,  oxalic 
acid  rarely  appears,  being  burnt  off  to  carbonic  acid  and  water.  An  oxalate 
to  which  a  little  powdered  black  oxide  of  manganese  is  added,  then  a  little 
water  and  a  few  drops  of  sulphuric  acid,  evolves  carbonic  acid. 

SUCCINIC  ACID,  H,C,H,0,  or  |  CH  CO 0H~^^  ^^  ^^^"^  ^°  ^^^^ 
spleen,  thymus  and  thyroid ;  occasionally  in  urine,  especially  after  eating  as- 
paragus and  the  malic  acid  of  fruits;  also  in  the  fluid  of  echinococcus  cysts, 
and  in  the  serum  of  hydrocele  and  hydrocephalus;  Meissner  has  met  with  it 
in  the  blood  and  saliva,  and  in  the  free  state  it  may  appear  in  the  stomach  and 
in  active  muscle  juice.  When  oxidized  by  nitric  acid,  all  the  acids  of  the 
fatty  series,  from  the  butyric  upwards,  yield  succinic  and  other  similar  acids. 

It  crystallizes  in  large  rhombic  tables  or  prisms,  occasionally  forming  pris- 
matic needles  or  hexagonal  plates;  and  is  soluble  in  3  partes  boiling  and  17 
parts  cold  water,  less  soluble  in  alcohol  and  insoluble  in  ether;  it  begins  to 
sublime  at  120°,  melts  at  180°,  and  decomposes  at  its  boiling  point,  235°. 

Succinic  acid  is  formed  by  the  oxidation  of  many  organic  substances, 
especially  the  fatty  acids,  and  it  may  possibly  be  a  derivative  of  proteid  decom- 
position. Ferric  chloride  gives  with  it  a  brown  flocculent  precipitate ;  and  it 
is  also  precipitated  by  neutral  acetate  of  lead,  and  by  salts  of  silver  and 
mercury. 

IV.  Only  two  other  bodies  will  be  here  described,  to  complete  this  very 
cursory  sketch  of  the  alcohols  and  organic  acids — namely,  oleic  acid  and  phenol. 

OLEIC  ACID  belongs  to  the  acrylic  series,  of  which  the  general  formula 
is  HrC„H,^_,)0,.  It  is  monobasic,  HC^H^^O,  or  C„H^,O.OH.  When  heated 
with  caustic  potash  it  breaks  up  thus:  C,gHj^^ 02+1^^0=02113X0.^  (potassic 
acetate)  -j-CjjHjjKO^  (potassic  palmitate)  +H2.  This  acid  is  found  in  all  the 
fats  of  the  body,  and  is  present  also  in  most  natural  fats  and  non-drying  oils. 
It  forms  a  clear  oily  liquid  that  is  insoluble  in  water,  but  readily  soluble  in 
alcohol  and  ether,  and  crystallizes  in  white  needles  which  melt  at  14°. 
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Like  the  palmitic  and  stearic  acids  it  forms  three  gljcerides.  By  heating 
it  we  obtain  silky  needles  of  sebacic  acid  (C,oHjgO/) ;  and  it  forms  a  neutral 
oleat<i  with  lead,  which  is  distinguished  from  the  plumbic  salts  of  the  other 
fatty  acids  by  its  solubility  in  boiling  alcohol. 

PHENOL  (Carbolic  Acid,  Phenic  Acid),  C,H,0  or  C^H^OH,  belongs  to 
the  benzine  group,  CglJ^.  This  body  is  produced  in  the  dry  distillation  of 
coal,  forming  the  chief  constituent  of  the  acid  part  of  crude  cOal-tar  oil ;  by 
the  dry  distillation  of  salicylic  acid  it  is  also  readily  prepared. 

The  urine  of  the  horse  and  cow  normally  contains  it,  and  in  human  urine 
it  is  present  afler  the  administration  of  benzine.  It  seldom  presents  itself  in 
the  urine  in  the  free  state,  but  frequently  as  phenyl  sulphate  (CjHjOSO^H ) 
and  hydrochinon  [CgH^(OH)J.  The  dark  color  of  the  urine  after  the  in- 
gestion or  absorption  of  this  acid  is  probably  due  to  the  oxidation  of  the  hydro- 
chinon or  its  isomer,  brenzcatechin,  derived  from  it  (Baumann). 

Under  normal  conditions  the  amount  present  is  very  slight,  but  it  is  in- 
creased in  certain  diseases,  especially  those  where  the  intestinal  contents  are 
retained,  as  in  ileus,  though  it  has  also  been  found  even  in  cases  of  diarrhoea 
with  rapid  decomposition  of  the  intestinal  contents.  Part  of  the  phenol  at 
least  is  probably  derived  from  some  of  the  decomposition  processes  occurring 
to  the  proteids  in  the  intestine. 

It  forms  a  colorless,  oily  liquid,  boiling  at  183^  and  solidifying  at  low 
temperatures,  crystallizing  in  large  colorless  prisms  which  faae  at  37'5^ ;  its 
solubility  in  water  is  very  slight  (1  :  20),  but  it  is  very  soluble  in  alcohol, 
ether,  and  potash. 

To  detect  the  acid  in  tJie  urine  this  liquid  should  be  distilled  after  the  addi- 
tion of  some  alkaline  carbonate,  and  the  tests  can  readily  be  applied  to  the  first 
portions  of  the  distillate. 

Tests  and  'Properties.  1.  Perchloride  of  iron  gives  with  it  a  deep  violet 
color,  which  fjuickly  changes  to  a  dirty  brown. 

2.  A  chip  of  fir  or  a  deal  shaving  moistened  with  a  watery  solution  of 
carbolic  acid,  then  plunged  in  dilute  hydrochloric  acid  and  exposed  to  the 
light,  is  tinged  of  a  deep  greenish  blue. 

3.  Nitrate  of  Silver  is  reduced  by  it,  and  it  is  transformed  into  picric  acid 
by  long  boiling  with  strong  nitric  acid^  oxidizing  with  violence  and  forming  a 
red  solution,  which  on  cooling  deposits  yellow  crystals. 

4.  Add  to  a  watery  solution  quarter  its  volume  of  ammonia,  then  some 
drops  of  potassium  chloride  solution  (1  :  20),  and  warm  gently;  a  beautifiil 
blue  color  will  soon  appear,  or,  if  the  solution  is  very  dilute,  the  color  will  be 
more  or  less  greenish. 

5.  Gives  a  blue  coloration  in  presence  of  a  little  anilin  and  an  alkaline 
solution  of  sodic  hypochlorite;  this  is  a  very  delicate  reaction  (Jacquemin). 

6.  A  dilute  watery  solution  gives  a  yellowish  white  crystalline  precipitate 
of  tribromphenol  (CgH^BrgOH)  with  bromine  water.  Salicylic  acid  gives  a 
similar  precipitate,  so  that  in  testing  urine  for  carbolic  acid  in  presence  of  this 
acid  we  should  neutralize  with  carbonate  of  soda  and  shake  up  with  ether, 
which  removes  the  phenol.  This  method  may  be  employed  in  the  quantitative 
determination  of  carbolic  acid,  331  parts  of  the  bromine  being  equivalent  to 
94  of  the  acid. 

7.  Boil  a  little  very  dilute  solution  with  Millon's  reagent,  and  an  intense 
red  coloration  is  produced. 

8.  Add  a  little  carbolic  acid  to  yellow  nitric  acid  or  to  a  solution  of  potassic 
nitrite  (6  per  cent.)  in  strong  sulphuric  acid,  and  a  brown  color  is  produced, 
changing  to  a  green  and  then  to  a  blue. 
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CHAPTER  IX. 

CHEMISTRY  OF  THE  CARBOHYDRATES. 

To  the. carbohydrates  belong  the  starches,  dextrin,  and  sugar.     They 
may  be  thus  grouped: — 


I.   Glucoses.               II.  Saccharoses, 

III.  Amyhses, 

CgllijOjj.                       C12H22O11. 

n{c,\i,,o,y 

Grape  sugar,  or  dex-       Cane  sugar. 

Starch. 

trose.                             Lactose,  or  sugar  of 

Dextrin. 

Galactose.                             milk. 

Glycogen. 

Inosit.                               Maltose. 

Cellulose. 

Laevulose,  or  sugar  of    Arabin  (in  gum  ara- 

Granulose. 

fruits.                               bic). 

The  glucoses  are  regarded  by  some  authorities  as  the  aldehydes  of 
the  natural  sugars  or  hexhydric  alcohols,  mannite  and  dulcite,  the 
former  present  in  manna,  an  exudation  from  a  species  of  ash,  and  in 
the  sap  of  the  apple  and  cherry,  and  the  latter  in  the  berries  of  the  moun- 
tain ash.  These  two  bodies  have  the  composition  CgH8(0H)g,  but  they 
do  not  ferment  or  reduce  an  alkaline  solution  of  a  cupric  salt.  By  the 
action  of  nascent  hydrogen  grape  sugar  is  converted  into  mannite,  and  by 
acting  in  the  same  way  on  inverted  milk  sugar  dulcite  has  been  ob- 
tained. Of  the  diglucosic  alcohols  or  saccharoses,  2C6H12O6 — H20= 
C12H22O1P  we  have  examples  in  cane  and  milk  sugar.  Further,  there 
are  anhydrides  of  the  glucoses  (CgHigOg — H20=C6nio05),  or  the  so- 
called  amy  loses.  They  all  belong  to  the  carbohydrates,  as  they  consist 
of  6  or  12  atoms  of  carbon  united  with  hydrogen  and  oxygen  in  the 
proportion  in  which  they  form  water  (H2O). 

STAECH  (Fecula,  Amidin).  "(CgHj^Os),  or  taking  n  =  3,  then 
CigHjjjOjj. — This  body  is  most  widely  diffused  throughout  the  vegetable 


6  c 

Fni.  G— Starch  Granules. 


a,  potato  ittarch;  6,  potato  starch  highly  magnified  ;  c,  wheat  starch,  rings  not  so 
well  marked  as  in  the  potato;  c/,  rice  starch,  very  small  and  angular. 


kingdom,  being  found  in  nearly  every  plant,  and  as  a  rule  most  abun- 
dantly in  certain  roots  and  tubers,  soft  stems,  and  seeds. 

It  appears  as  a  white  glistening  powder  that  is  made  up  of  little 
rounded  transparent  bodies  or  granules,  each  of  which  has  a  central  spot 
or  hilum  around  which  are  a  series  of  depressed  more  or  less  parallel 
rings.  These  granules  vary  in  appearance  according  to  their  source. 
Each  granule  consists  of  an  out^r  layer  of  cellulose  enclosing  alternating 
layers  of  granulose  and  cellulose.  A  variety  of  granulose  present  in 
5 
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small  amount  and  giving  a  red  color  with  iodine  BrIjCKE  has  named 
erythrogranulose. 

Starch  is  nearly  insoluble  in  cold  water  and  most  liquids.  When 
it  is  boiled  with  water  the  granules  of  which  it  consists  burst  and  dis- 
appear, but  even  with  much  water  the  starch  is  chiefly  suspended  as  a 
colorless  jelly,  only  a  small  proportion  being  in  solution. 

Conversion  of  Starch  into  Sugar. — Make  a  thick,  gelatinous,  starchy 
solution,  and  add  to  it  a  little  lukewarm  watery  infusion  of  malt ;  heat 
the  mixture  to  about  70°,  and  in  a  few  minutes  the  thick,  gelatinous 
starch  gives  place  to  a  thin  fluid  containing  dextrin  and  glucose.  The 
infusion  of  malt  acts  by  virtue  of  the  presence  in  it  of  the  ferment 
diastase ;  the  temperature  must  not,  therefore,  rise  as  high  as  100°, 
or  the  ferment  will  be  rendered  inactive.  When  starch  is  converted 
into  sugar  by  the  action  of  acids  or  diastase,  dextrin  and  glucose  are 
formed  simultaneously  (Musculus)  :  CigH3<,Oi5+H20=C6Hi20g+ 
2C6H1QO5.  The  dextrin  obtained  by  the  action  of  saliva  on  starch 
BrCcke  regards  as  a  mixture  of  erythrodextrin^  colored  red  by  iodine, 
and  aehroodextrin^  which  is  not  colored,  and  is  possibly  not  converted 
into  sugar  at  all,  or  if  so  with  difiiculty. 

Leuciis  first  demonstrated  the  conversion  of  starch  into  sugar  by 
mean^  of  saliva^  the  active  principle  of  which  is  ptyalin,  1  part  of  this 
body  being  capable  of  converting  2,000  parts  of  starch  into  sugar. 

Raw  starch  is  more  slowly  acted  on  than  starch  that  has  been  cooked, 
raw  maize  starch,  however,  being  changed  in  a  few  minutes,  but  raw 
potato  starch  very  slowly ;  and  all  starches  are  not  affected  alike,  for 
boiled  potato  starch  is  more  easily  converted  into  sugar  than  boiled 
wheaten  starch,  and  this  in  turn  more  quickly  than  rice  starch  (Lef- 
berg).  Further,  the  cellulose  is  not  so  readily,  if  at  all,  converted 
into  sugar  by  the  saliva  as  the  granulose;  therefore  when  the  cellulose 
coats  are  ruptured  by  boiling  the  granulose  is  more  easily  acted  on. 

Starchy  substances  to  serve  as  nutriment  must  first  undergo  this 
change  into  glucose  by  the  action  of  animal  diastase,  a  ferment  found 
not  only  in  the  saliva,  but  also  in  the  pancreatic  and  intestinal  juices ; 
its  digestion,  accordingly,  commences  in  the  mouth,  where  a  certain 
amount  of  sugar  is  formed ;  it  also  continues  in  the  stomach,  but  to  a 
less  extent,  on  account  of  the  acidity  of  the  gastric  juice,  the  presence 
of  albumen,  however,  not  interfering  with  the  conversion  in  any  way 
(Mialhe),  although  it  aff*ects  the  reduction  of  cupric  oxide  when  the 
copper  test  is  employed  to  detect  the  presence  of  the  sugar.  In  the 
small  intestine  the  diastatic  conversion  occurs  with  renewed  energy 
from  the  afilux  of  the  fresh  ferment  of  the  pancreatic  and  intestinal 
juices,  the  acid  reaction  at  the  same  time  gradually  disappearing. 

Starch  IS  a  colloid.  To  fit  it  for  absorption  it  must  therefore  be  changed 
into  sugar.  Take  two  large  glass  tubes  about  3  inches  wide  (students  may 
also  mak(j  use  of  Hraall  funnels),  and  tie  very  firmly  a  piece  of  moist  parchment 
or  of  the  large  intestine  of  a  sheep  over  one  end  of  each  ;  then,  having  nearly 
filled  them  both  with  water  holdin<;  some  cooked  starch  in  suspension,  and 
added  to  one  of  them  a  little  saliva,  fix  them  vertically  in  two  dishes. 
Lay  them  aside  for  12  hours  in  a  moderately  warm  place;  then  test  the  fluids 
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that  have  transuded  with  iodine  and  Fehling  s  solution  (see  p.  79) :  sugar  will 
be  detected  in  the  fluid  that  has  come  from  the  tube  to  which  saliva  was  added, 
but  no  starch  will  be  found  in  either  transudation. 

Starch,  therefore  is  a  colloid,  and  does  not  pass  through  animal  membranes, 
whilst  sugar  readily  does  so ;  and  the  sugar  in  this  experiment  has  been  derived 
from  the  conversion  of  some  of  the  starch  by  the  saliva. 

Tests. — 1.  Add  tannic  acid  to  a  solution  of  starch  :  a  yellow  pre- 
cipitate containing  tannic  acid  falls  down,  which  redissolves  on  the 
application  of  heat. 

2.  Free  iodine  forms  a  deep  indigo-blue  compound  with  starch,  but 
heat  destroys  the  color  if  long  applied.  Some  dilute  solution  of  iodine 
is  added  to  a  little  starch  mucilage  (see  their  preparation,  p.  34)  in  a 
test  tube,  or  starch  granules  on  a  microscopic  slide  are  irrigated  with 
the  iodine  solution.  This  is  done  as  follows :  Spread  a  small  pinch, 
say  of  potato  starch,  or  a  scraping  of  the  cut  surface  of  a  raw  potato, 
upon  a  slide  in  a  drop  of  water,  apply  a  cover  glass,  and  then  place  a 
drop  of  the  iodine  solution  on  one  side  of  the  cover  glass  and  a  slip  of 
filter  paper  close  to  the  other  side.  Very  soon  the  iodine  solution  finds 
its  way  inwards,  and  stains  the  starch  granules  a  beautiful  blue.  Before 
the  cellulose  constituent  takes  this  blue  color  it  must  first  be  acted  on 
"with  sulphuric  acid  or  chloride  of  zinc. 

DEXTRIN  (British  Gum)  is  intermediate  between  starch  and  sugar. 
It  is  the  name  given  to  the  body  obtained  by  boiling  starch  paste  with 
a  little  dilute  sulphuric  or  hydrochloric  acid  until  the  paste  becomes 
thin  and  limpid  and  more  or  less  gumlike ;  but  if  the  boiling  is  too 
long  continued  dextroo^lucose  will  be  formed.  It  is  also  obtained  bv 
heating  dry  potato  starch  up  to  400°,  when  the  latter  becomes  yellowish 
and  soluble  in  water.  Diastase  effects  the  same  thing  with  starch  paste, 
although  its  continued  action  leads  to  the  formation  of  maltose. 

Dextrin  has  been  found  in  the  blood  and  organs  of  herbivora,  and  Limp- 
RICHT  has  discovered  it  in  the  flesh  of  young  horses  and  dogs,  probably  as  a 
decomposition  product  of  glycogen,  and  occasionally  in  the  liver ;  Reich ard 
found  it  once  in  diabetic  urine,  and  it  appears  in  the  alimentary  canal  after  the 
ingestion  of  starch. 

It  is  a  gummy-like  body,  forming  a  white  or  yellowish  powder,  which  is 
soluble  in  water,  constituting  a  turbid  solution,  but  insoluble  in  alcohol  and 
ether;  it  does  not  reduce  cupric  oxide  (or  only  to  a  slight  extent),  nor  does  it 
ferment  with  yeast,  but  it  has  a  strong  right  polarizing  action  on  light,  and  is 
readily  converted  by  the  action  of  dilute  acids  or  diastase  into  grape  sugar. 
With  a  watery  solution  of  iodine  it  gives  a  brownish  or  port -wine  red  color  ^ 
which  disappears  on  heating. 

Brucke,  as  we  have  seen,  distinguishes  two  kinds  of  dextrin — try  thro- 
dextrin,  whose  solution  is  colored  of  a  rosy  red  by  iodine,  and  achroodexfrin, 
which  is  not  colored  by  it,  and  is  not  so  readily  converted  into  sugar,  although 
this  change  may  be  effected  by  boiling  it  with  dilute  hydrochloric  acid.  The 
deztrins  possess  many  points  of  resemblance  to  glycogen,  which  polarizes  in  the 
same  way  and  is  similarly  acted  on  by  acids  and  ferments ;  but  while  neutral 
watery  solutions  of  dextrin  are  transparent  those  of  glycogen  show  an  intense 
white  opalescence ;  iodine  solution  also  stains  glycogen  of  a  dark  brownish  and 
not  of  a  rosy  red,  as  is  the  case  with  dextrin. 
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Tests. — Alcobol  precipitates  it  from  its  aqueous  solutions,  so  also  does 
lime  water,  and  a  mixture  of  ammonia  and  basic  acetate  of  lead  ;  when  boiled 
with  nitric  acid  it  yields  oxalic  acid.  Its  solutions  pjive  a  violet  coloration 
with  a  solution  of  iodine  in  pota^sic  iodide.  Boil  a  few  minutes  with  dilute 
hydrochloric  acid ;  the  solution  becomes  thinner,  and  gives  the  tests  for  grape 
sugar. 

It  is  distinguished  from  starch  by  its  amorphous  shape  and  its  red  colora- 
tion by  iodine,  and  from  glycogen  by  the  want  of  opalescence  of  its  solutions 
and  by  its  not  being  precipitated  by  basic  acetate  of  lead  alone. 

To  prepare  it,  make  20  grams  starch  into  a  paste  with  30  c.c.  water,  and 
add  slowly  to  it  5  grams  strong  sulphuric  acid  diluted  with  30  c.c.  water.  After 
mixing  well,  heat  for  some  time  over  a  water  bath  at  about  90°.  When  it 
cools  precipitate  the  dextrin  formed  by  the  addition  of  alcohol ;  or  the  sulphuric 
acid  may  be  removed  by  saturation  with  chalk  and  subsequent  filtration,  the 
filtrate  being  evaporated  to  dryness. 


CHAPTER  X. 

GLYCOGEN. 

GLYCOGEir,  ?^C6llio05[5(C6Hi,0,)  or  11  (Cglli^A).  Hofmann; 
C,gH3^0i5+4H20,  AiJELEs]. — This  body  was  first  discovered  in  the  liver 
by  Claude  Bernard.  It  is  there  built  up  by  the  liver  cells,  appearing 
as  little  granules  or  amorphous  masses,  its  amount  depending  greatly 
on  the  character  of  the  food ;  one  of  the  gi*eat  functions  of  this  organ, 
indeed,  being  its  production — this  occurring  even  in  severe  diabetes 
(Kt)Lz).  The  liver  of  young  beasts  is  richer  in  glycogen  than  that  of 
older  animals.  It  is  present  in  considerable  quantity  in  most  of  the 
embryonic  tissues,  appearing  to  increase  up  to  the  middle  period  of 
gestation,  and  then  gradually  to  diminish  towards  its  conclusion.  Gly- 
cogen would  therefore  appear  to  have  an  important  rdle  to  play  in  the 
development  of  the  tissues.  It  is  also  met  with  ii)  all  developing  embry- 
onic cells,  and  in  the  leucocytes  and  pale  corpuscles  during  their  period 
of  activity.  Salomon  has  found  it  in  both  arterial  and  venous  blood, 
and  traces  of  it  are  to  be  met  with  in  most  of  the  organs,  as  in  the 
pancreas,  kidneys,  brain,  and  testes,  as  well  as  in  the  placenta.  It  is 
constant  in  muscle,  and  in  the  muscles  of  a  rabbit  Nasse  obtained  0*47 
to  0*04  per  cent.,  and  it  appears  to  be  increased  in  the  muscles  mostly 
by  whatever  increases  the  formation  of  glycogen  in  the  liver.  With 
regard  to  muscle  BRt^CKE  and  Weiss  affirm  that  in  tetanized  frog's 
muscles  less  glycogen  is  present  than  in  the  resting  muscles,  thus 
pointing  to  a  consumption,  probably  indirect,  of  glycogen  during  mus- 
cular contraction;  there  is  less  also  in  muscle  when  it  has  passed  into 
rigor  mortis  (Nasse),  but,  on  the  other  hand,  the  glycogen  is  increased 
when  the  muscle  is  brought  into  a  state  of  paralysis  by  the  division  of 
its  nerves  (Chaxdelon). 
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Preparation  (BrOcke's  Methml). — l^apidly  decapitate  a  large  and  well- 
ieil  rabbit  about  two  hours  aft^T  a  full  meal.  Open  the  abdomen  without 
delay,  and  having  torn  out  the  liver,  cut  it  into  a  few  pieces  and  throw  them 
into  a  large  porcelain  dish  containing  water  that  is  vigorously  boiling.  Let 
them  lie  in  the  boiling  water  a  few  minutes  until  they  are  (|uite  hard,  then 
remove  them,  and  after  having  rubbed  them  into  a  paste  in  a  mortar  return 
the  fine  pulp  to  the  boiling  water,  and  boil  again  for  about  hidf  an  hour,  when 
the  milky  extract  is  to  be  poured  off,  and  a  fresh  extraction  made  with  more 
boiling  wat<»r. 

So  far  two  opi»rations  have  been  perfonued :  the  action  of  the  ferment  has 
been  destroyed,  and  a  watery  extract  has  been  obtained  of  the  liver;  but  as 
this  extract  contains  albuminous  bodies  in  solution,  these  mast  be  precipitated. 
To  effect  this  the  hot  extracts  are  to  be  rapidly  filtered  into  a  large  beiiker  that 
has  previously  been  inserted  in  a  freezing  mixture  of  snow  or  ice  and  salt,  and 
when  it  has  c(X)led  hydrochloric  acid  and  potassio-mercuric  iodide  solution  are 
added  to  it  alternately  until  no  further  preci[)itate  occurs.  The  albumens  are 
thiLs  thrown  down.  Stir  well  and  filter  afUT  five  to  ten  minutes  have  elapsed, 
and  to  the  filtrate  add  spirit  until  about  GO  per  cent,  of  absolute  alcohol  is 
present  in  the  mixture;  the  glycogen  will  thiLs  be  precipitated  in  xi  tolerably 
pure  form,  which  w^ill  not  be  the  case  if  a  larger  excess  of  alcohol  is  added. 
The  precipitated  glycogen  is  next  to  be  collected  on  a  filter  and  w^ashed  with 
.spirit  (GO  per  cent.)  until  the  w^ashings  give  no  turbidity  with  a  mixture  of 
dilute  caustic  potiwh.  ammonia,  and  ammonium  chloride ;  then  with  .ibsolute 
alcohol,  and  repeatedly  with  ether.  Now  detach  the  glycogen  from  the  filter, 
and  dr}'  it  rapidly  on  a  piece  of  poroiLs  earthenware  at  a  modenite  heat.  It 
should  form  a  white  powder  that  may  be  further  purified,  if  necessary,  by 
dissolving  it  in  hot  water  and  precipitating  it  therefrom  with  alcohol  to  which 
a  little  ammonia  has  been  added,  redissolving  as  before,  j)recipitating  with  spirit 
c-ontaining  acetic  acid,  and  washing  this  litst  j)recipitate  with  absolute  alcohol 
and  ether,  and  then  drying  it. 

The  potassio-mercitric  iodide  is  prepared  }>y  carefully  precipitating  a  satu- 
niled  solution  of  potassic  iodide  with  one  (»f  mercuric  chloridi;,  and  having 
wjLshed  the  resulting  precipitate,  making  a  saturated  solution  of  it  in  some  hot 
j*olulion  of  potassic  iodide. 

Different  other  methods  have  been  proposed,  such  as  the  ase  of  caustic  pot- 
a;<h  and  acetic  acid  to  separate  the  albumen,  but  the  author  much  prefers 
BrCcke's  to  any  of  them.  It  should  be  remembered  that  w^herever  glycogen 
i.<»  met  with  in  the  body  a  diastatic  ferment  can  also  be  obUiined,  so  that  in  the 
preparation  of  glycogen  this  should  be  guarded  against,  as  otherwise  much  of 
the  glycogen  may  be  converted  into  sugar  if  the  action  of  the  ferment  is  not 
destroved. 

Properties. — It  is  a  white  or  yellowish  white,  tasteless,  inodorous, 
and  amorphous  powder,  that  is  insoluble  in  alcohol  or  ether,  but  forming 
an  imperfect  opalescent  solution  in  boiling  water,  which  polarizes  to 
the  right  about  three  times  as  powerfully  as  does  grape  sugar.  In 
many  of  its  properties  it  corresponds  to  dextrin  (see  p.  07),  and  when 
a  glycogen  solution  is  boiled  part  of  it  is  changed  into  a  dextrin- 
like body. 

Sources. — Glycogen  is  very  abundant  in  the  liver  after  ingestion  of 
starch  and  sugar,  this  organ,  however,  being  comparatively  poor  in  it 
after  a  diet  of  fat  and  albumen;  but  the  formation  of  glycogen  does 
not  appear  to  be  directly  dependent  on  the  presence  of  carbohydrates 
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in  the  intestine;  it  rather  seems  to  be  an  intermediate  decomposition 
product  of  albumen  in  the  organism  (Wolffberg,  etc.) 

It  ought  to  be  remembered  in  discussing  the  different  experiments, 
and  the  deductions  therefrom  as  to  the  action  of  various  bodies  in 
increasing  the  formation  of  glycogen,  that  it  does  not  necessarily  follow 
that  the  body  thus  introduced  becomes  directly  converted  into  glycogen, 
but  that  it  may  merely  contribute  indirectly  by  protecting  the  glycogen 
from  change  (Tieffenbacii,  etc.)  And,  indeed,  for  this  very  reason, 
and  although  the  increase  in  glycogen  is  not  so  great  after  an  albu- 
minous diet,  many  authorities  regard  the  carbohydrates  as  not  going 
directly  to  the  formation  of  glycogen,  but  as  contributing  indirectly 
thereto  by  saving  albumen  by  their  own  combustion,  and  thus  allowing 
more  of  this  body  to  remain  to  be  converted  into  glycogen.  It  is  prob- 
able that  one  of  the  great  seats  of  urea  formation  is  the  liver  (Cyon), 
and  in  diabetes  we  find  the  excretion  of  urea  to  be  also  increased, 
pointing  to  the  probable  decomposition  of  albumen  in  the  liver  into 
sugar  or  glycogen  and  urea.  The  proteid  may  also  split  up  in  the 
liver  into  glvcogen  and  the  biliary  acids,  or  its  glycocin  derivative  may 

split  into  urea  and  glucose  (40., W,NO,=-2CON2 II, 4-06111  A)-  ^^^^^ 
formation  of  glycogen  in  the  liver,  as  well  as  the  separation  of  sugar, 
can  be  markedly  influenced.  Thus  puncture  of  the  floor  of  the  fourth 
ventricle  at  the  point  of  the  calamus  scriptorius  after  a  short  time  causes 
sugar  to  appear  in  the  urine.  And  that  the  liver  is  concerned  in  this 
is  seen  from  the  fact  that  if  the  liver  contains  no  glycogen  (as  after  long 
fasting,  or  when  its  glycogenic  activity  is  destroyed  by  arsenical  poi- 
soning) no  sugar  appears  in  the  urine  after  the  experiment  (LucH- 

SlNdER). 

The  state  of  the  vasomotor  nerves  of  the  liver  appears  to  exercise 
considerable  influence  on  the  formation  of  sugar.  It  is  probably  by 
their  action  on  these  nerves  that  such  bodies  as  curara,  amyl  nitrite, 
ether,  and  chloral  hydrate  act  in  causing  sugar  to  appear  in  the 
urine.  It  would  appear  therefore  that  diabetes  is  really  a  disease  of 
the  nervous  system ;  but  even  in  this  disease  the  liver  does  not  appear 
to  have  lost  its  power  of  forming  glycogen  out  of  sugar. 

The  assimilation  of  starches,  sugars,  inulin,  glycerin,  albumen  of 
egg,  fibrin,  and  casein  causes  an  accumulation  of  glycogen  in  the  liver, 
while  inosite,  quercite,  mannite,  glycocin,  gums,  and  fats  fail  to  do  so 
(Merinu,  etc.) 

While  Bernard  obtained  an  increase  of  glycogen  with  a  flesh  diet, 
verv  little  increase  has  been  obtained  bv  feeding  animals  with  fibrin 
(Dock,  Luchsinger);  but  Finn,  Merixg,  etc.,  caused  its  increase 
upon  a  diet  of  flesh  or  egg  albumen,  as  well  as  of  blood  fibrin.  Wolff- 
berg, by  feeding  an  animal  with  8  grams  albumen  and  GO  grams 
sugar  daily,  obtained  0474  grjgn  glycogen;  with  30  grams  albumen 
and  60  grams  sugar,  0-821  gram  glycogen;  and  with  50  grams 
albumen  and  60  grams  sugar,  1*84  gram  glycogen  in  the  liver.  FoR- 
STER,  by  an  injection  of  glucose  into  the  portal  vein,  also  increased 
the  glycogen. 

Hunger  is  very  slow  in  diminishing  the  glycogen  in  the  liver,  six 
days  at  least  being  required  to  reduce  it  to  a  minimum.    It  is  also  much 
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exhausted  by  fevers.  KtJLZ  found  that  in  fasting  animals  starch  and 
sugar  caused  glycogen  to  appear  in  the  liver;  further,  that  severe 
exercise  reduces  this  practically  to  nothing,  and  that  five  or  six  hours* 
exercise  will  produce  a  result  that  can  otherwise  be  obtained  only  by 
starving  the  animal  for  twelve  to  twenty  days. 

Destination. — Glycogen  must  be  regarded,  however  derived,  as  a 
store  of  carbohydrate  material,  which  is  used  up  according  to  the  needs 
of  the  economy. 

Bernard  believes  that  a  continual  conversion  of  this  body  into 
sugar  is  going  on  in  the  liver,  and  that  the  sugar  formed  is  carried 
thence  into  the  circulation,  to  be  burnt  up  in  the  lungs  and  tissues 
generally,  but  particularly  in  the  muscles.  The  quantity  of  sugar  in 
the  blood  is  small  but  constant,  an<l,  as  it  is  constantly  being  used  up 
by  some  of  the  tissues,  it  is  possible  that  the  supply  is  maintained  by 
a  regulated  conversion  of  the  glycogen.  The  blood  of  the  hepatic  vein 
is  rich  in  sugar  (Bernard),  though  this  is  denied  (Pavy);  but  even  a 
difference  so  slight  as  to  be  almost  impossible  to  detect  chemically 
might  be  sufficient  to  account  for  a  complete  conversion  of  the  glycogen 
of  the  liver  into  sugar  if  the  rapid  circulation  of  the  blood  is  taken 
into  account  as  well  as  its  large  volume  (FLrcjGE). 

The  conversion  of  glycogen  into  sugar  takes  place  more  rapidly 
when  the  circulation  through  the  liver  is  accelerated ;  and  this  undoubt- 
edly occurs  in  certain  lesions  of  the  nervous  system  (Bernard,  Cyon), 
in  which  the  vasomotor  centre  in  the  medulla  is  destroyed,  or  the  vaso- 
motor nerves  of  the  hepatic  vessels  divided  in  any  part  of  their  course, 
80  as  to  increase  the  circulation  in  the  liver. 

Such  a  conversion  of  the  glycogen,  however,  is  said  not  to  occur 
during  life  under  normal  conditions,  it  even  being  affirmed  that  instead 
the  glycogen  becomes  a  source  of  fat,  being  merely  a  preliminary  step 
in  the  metamorphosis  of  sugar  into  fats  (Pavy) — an  hypothesis  that 
may  be  probable,  but  which  cannot  be  regarded  as  well  founded. 

McDonnel  is  of  opinion  that  the  glycogen  unites  with  the  nitrogen 
set  free  by  the  disassimilation  of  fibrin  and  albumen,  so  as  to  constitute 
a  protein  compound  resembling  casein. 

Conversion  of  Glycogen  into  Sugar. — This,  as  we  have  just  seen,  is 
what  normally  occurs  in  the  body  under  the  influence  of  certain  fer- 
ments found  in  the  liver  as  well  as  elsewhere  in  the  organism,  the 
change  being  proportioned  to  the  wants  of  the  economy.  It  has  been 
abundantly  proved,  for  example,  that  the  liver  contains  an  active  fer- 
ment capable  of  effecting  this  conversion.  Experimentally  it  can  be 
shown  that  the  change  is  readily  produced,  the  presence  even  of  traces 
of  soluble  albumen  being  capable  of  bringing  it  about,  though  the  pro- 
cess is  very  much  slower  than  under  the  influence  of  the  diastatic 
ferments  contained  in  saliva  or  pancreatic  juice  (Sek(}En).  A  pure 
glycerin  solution  of  glycogen  apparently  only  requires  the  addition  of 
water  to  render  it  capable  of  fermentation.  But  it  would  appear  that 
the  product  of  the  action  of  the  animal  diastase  is  a  mixture  of  achroo- 
dextrin  and  maltose,  only  very  little  dextrose  being  formed  (MuscULUS 
and  Merino). 
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I.  To  Dauonatrate  ihe  Pretence  of  Sugar  in  t}te  Liver.  (The  prwu-ncc 
of  jr'y'^""'  ''"''  'il'*i*'ly  l><*n  dsnionslnited  in  ils  prejjaration), — Peed  a  krge 
rabbit,  and  when  it  is  in  full  di^iition  liit'iijiitate  it;  then.  liavin<;  npcnod  its 
abdomen,  look  l^'ur  the'  piirtiil  vein,  xnd  tie  a  ^laea  i^nnuk  iu  it.  Tlie  liver  Ls 
next  Iu  liti  geatly  reiuoved,  titking  groat  (.-are  not  to  tear  it,  atiil  tii  be  plnceil  in 
a  large,  deep  porc(>lain  ilis}i.  (The  experiment  may  likewiae  be  |>erli>nuL'd.  and 
even  marc  adrantaiiieoUHty,  without  reniiiving  the  liver  at  all.)  Aunthcr  glass 
canoula  is  now  fixed  in  the  hepatic  vein,  and  the  cannula  in  the  }H>rtal  vein 
DOniuicted  with  a  pmMure  bottle.  Id  making  the  etinneetion  cure  must  bo 
taken  to  exulude  air  \iy  filling  the  cannula  from  the  liDttom  by  means  (if  a  lung 
capillary  pipette.  Now  turn  on  a  presnurc  of  2  to  3  tucbca  of  mi^reuiy,  and 
wash  out  the  liver,  eullectiiig  at  inlervalii  a  portion  of  the  waxhin^  ne  they  psH 
througli  the  (.•annula  in  the  hepalio  vein  in  a  series  of  small  beakers  that  are  t*i 


be  labelled  1.  *J,  !t,  4,  ctu.  Test  each  of  tlieac  for  grajK;  eugar  with  KehMng'a 
aoiutiiin,  but  it  is  genumlly  advitiablu  firut  to  separate  the  albumen  present 
by  laiiling  after  the  addition  of  a  drop  or  two  of  aeetic  aeid.  Sugar  will 
be  found  in  a  diminishing  quantity  in  <^eh  of  the  Hpceimens,  until  ita  pnitence 
can  no  longer  lie  deteet^d.  When  all  the  fiigar  hna  thua  been  washed  ont, 
lay  the  liver  aside  (or  some  time,  and  then  re|>eat  the  proceM:  sugar  will 
again  be  found.  Thin  Bi^;ar.  aceording  tu  Seeoiqn,  is  true  grajw  augar,  while 
that  formed  by  the  action  of  the  Nijivary  and  pniicntatie  fennente  on  glycogen 
is  not  true  grape  sugar,  but  an  allied  form. 

The  prrgrurr  i/uttle  is  ciisily  fonwlriicted  as  follows:  Take  a  very  large 
bottle  anil  !ito|i  it  with  a  good  cork.  In  this  cork  bora  three  holes,  one  for  a 
glaiM  iiiljr'  tliji  Aull  I'lMcli  to  iho  bottiim  of  the  bottle,  and  wbtcU  is  to  he 
winni'i-ri  ii  l-\  ir-  ii].|..  r  ,-[id  by  meons  of  an  india  rubber  tube  with  one  of  the 
p)pi'«  iif  ,1  »,iri-i  -iii'i'l)  -r  lank,  such  as  are  to  be  had  in  every  laboratory, 
the  si-ci.piil  till  ,1  .-liLprt  nihil  to  Ije  eonnect*il  with  a  U  tube  eontaining  some 
mercoiy  and  lisiMi  en  a  utaiiii:  and  the  ibirtl,  for  iinotbcr  short  tube  just 
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To  obtain  thu  prwssitre  the  ])liiii 
niaj  ftl-ici  be  sdoptei!  ul'  suMftriiiiiiiji 
a  Inrpt'  bottle  filled  with  wiin-r  over 
a  piuley.  In  au  aperture  near  tlii! 
bottom  of  this  bottle  is  fisMl  une 
end  ni'  a  \on\i  piece  nf  fli-sibli' 
tiibinp,  the  titber  end  lieinj;  itiu- 
neetcl  with  tho  prMWure  Ixitlle, 
Thi)-  AU)tp«nded  bottle  uin  lie  m^'d 
or  lowered  tm  required  by  nieniis 
at'  the  cord  attocned  lu  it.  iiDil  If  n 
mduated  scale  is  pliteud  beHide  it 
the  d«<^nve  of  preMum  eau  be  riaid 
iherefnimi.and  the  U  mercury  tnln! 
n-udered  iinnecesaary. 

II.  Ti,  PrqMTe  Ihr  Fei-vienl. 
— Pliiee  n  large  pieoe  of  thv  above 
liver,  or  lietti-r,  of  a  liver  just  re- 
luovud,  vrhieh  hait  been  miuced  and 
wiwhtHl  in  wat^r  to  remove  ihe 
blniid.  in  Nimc  Mtnini;  spirit  for  a 
few  miniileB;  then  remove  it,  and 
hnvirig  dried  it,  cut  it  up  into  vtTy 
smnll  fn^ients,  that  are  to  be  ini- 
mentod  in  absolute  aleoliol  and  laid 
a»ide  for  48  houni.  Wbeii  ib>.'  ul- 
cohol  hax  been  filtered  <>«.  mikI  thi- 

same,  plaee  it  under  slronj;  ■.■lyt-erin 

for  a  week.      The  glye*!rin  extract  is  then  to  be  filtered  through  niuslin. 
A  similar  ferment  enn  l)e  jirepared  from  bile  by  Ireatinfj  it  with  alcohol 
and  extracting  with  glycerin  as  ubove. 

III.  T<:»l*  and  Reactlont. — 1.  Test  with  a  solution  uf  iodine  made 
by  placing  h  little  fragment  of  this  body  in  water,  and  then  nilding 
finely  powdered  polassic  iodide  with  constant  stirring  until  a  wine-red 
.wlution  is  obtained;  fresli  glycogen  solutions  give  a  deep  vinous  red, 
and  the  dry  powder  a  chestnut -brown  tint.  'J'he  color  disappears  on 
healing  the  solution,  but  returns  on  cooling.  Dextrin  gives  a  some- 
what Hmilur  reaction,  but  the  color  does  not  reappear  when  the  liquid 
cools. 

i.  Add  caustic  potash  and  a  drop  or  two  of  cupric  sulphate  solu- 
tion: a  blue  solution  is  obtained,  but  on  boiling  no  reduction  of  the 
cupric  oxide  occurs. 

3.  Boil  a  little  glycogen  solution  with  a  few  drops  of  dilute  hydro- 
chloric acid:  sugar  is  formed,  which  can  be  ileteeted,  after  neutralization 
with  caustic  potash,  by  boiling  with  a  little  Febling's  solution,  when  a 
yellowish  precipitate  is  obtained, 

4.  Add  to  the  glycogen  solution  some  glycerin  extract  of  liver  fer- 
tu  for  a  short  time  to  45°— SU":  sugar  la  rapidly  formed, 
lelected  as  in  the  previous  Xv^X.     The  presence  of  free 
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acids,  alkalies,  alkaline  carbonates,  or  sodic  silicate  interferes  with  the 
conversion. 

The  glycerin  extract  acts  equally  well  with  starch  mucilage,  but  if 
the  extract  is  boiled  its  ferment  action  is  destroyed. 

5.  Place  some  glycogen  solution  in  three  test  tubes,  and  add  to 
one  of  them  a  little  blood,  and  to  another  a  little  saliva;  lay  the  three 
tubes  aside  for  about  twenty  minutes  at  a  temperature  of  37°,  and  then 
test  them  for  sugar:  this  will  be  found  in  the  tubes  to  which  the  blood 
and  saliva  have  been  added,  but  not  in  the  third.  A  ferment  must, 
therefore,  be  present  in  the  blood  and  the  saliva  of  the  same  nature  as 
that  contained  in  the  glycerin  extract  of  the  coagulated  liver. 

6.  A  watery  solution  is  precipitated  by  plumbic  acetate,  thus  differ- 
ing from  dextrin,  but,  as  with  dextrin,  a  precipitate  is  thrown  down  by 
plumbic  acetate  and  ammonia. 


CHAPTER  XI. 

CANE  SUGAR,  LACTOSE,  AND  MALTOSE. 

CANE  SUGAR,  C10H22O,,,  is  generally  distributed  throughout  the 
vegetable  kingdom  in  the  juices  of  plants,  trees,  and  fruits. 

It  forms  transparent,  colorless,  rhomboidal  prisms  that  are  very 
soluble  in  water,  the  solution  polarizing  to  the  right  (73*8°).  In  its  de- 
compositions it  resembles  grape  sugar  and  it  forms  combinations  with 
many  alkaline  and  earthy  salts. 

Though  closely  allied  to  grape  sugar  there  are  many  points  of  dis- 
tinction :  thus  it  is  not  directly  fermentable,  being  first  resolved,  under 
the  influence  of  yeast  at  a  warm  temperature,  into  dextrose  and  hrvulose, 
which  then  enter  into  fermentation.  When  boiled  with  dilute  acids  it 
is  likewise  resolved  into  these  two  bodies.  Cane  sugar  does  not  reduce 
Fehling's  solution,  nor  is  it  precij)itated  by  basic  acetate  of  lead,  although 
it  is  precipitated  by  ammonic  lead  acetate.  Strong  sulphuric  acid  chars 
cane,  while  it  dissolves  grape  sugar. 

Before  cane  sugar  leaves  the  alimentary  canal  by  absorption  it  most 
probably  first  undergoes  conversion  into  grape  sugar.  This  conversion 
is  generally  completed  before  it  passes  the  ileum,  much  cane  sugar  being 
found  in  the  upper  part  of  the  small  intestine  (KObxer).  When  it  is 
injected  into  the  veins  of  an  animal  it  is  excreted  in  the  urine  without 
alteration,  which  is  not  the  case  with  grape  sugar,  and  accordingly  cane 
sugar  is  not  directly  assimilable,  but  must  undergo  a  previous  conver- 
sion into  grape  sugar. 

LACTOSE,  or  SUGAR  OF  MILK,  Ci2ll^0„  + 11,0.— How  this  body 
is  formed,  whether  from  gmpe  sugar  or  by  a  decomposition  of  albumin- 
ous bodies  in  the  organism,  is  still  doubtful.  It  is  found,  with  any  degree 
of  certainty,  only  in  milk,  although  it  has  been  described  as  occurring  in 
the  urine  of  women  in  the  early  days  of  lactation  and  after  "weaning.** 
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Properties. — Lactose  closely  resembles  cane  sugar,  but  it  is  a  more 
stable  body.  It  crystallizes  in  right  rhombic  four-sided  prisms  that  are 
hard  and  white  or  nearly  colorless,  but  it  is  not  so  soluble  as  the  other 
sugars;  thus  it  dissolves  in  six  parts  cold  and  two  and  a  half  parts  hot 
water,  and  is  insoluble  in  absolute  alcohol  and  ether,  and  has  only  a 
faint  sweet  taste.  Like  dextrose  its  freshly  prepared  solution  has  a 
dextro-rotary  power  (93-1°),  that  diminishes  slightly  on  standing,  its 
warm  watery  solution  polarizing  to  the  right  58*2°,  rising  to  59*2° 
when  boiled;  but  it  is  more  or  less  constant  at  52-5°,  independent  of 
the  strength  of  its  solution. 

It  is  fermentable  with  difficulty,  first,  however,  being  changed  into 
galactose,  an  isomer  of  glucose.  When  it  decomposes  in  presence  of 
casein  it  forms  lactic  and  sometimes  also  butvric  acid.  This  can  be 
shown  by  adding  oxide  of  zinc  and  casein  to  its  watery  solution,  and 
keeping  the  mixture  some  time  between  35^  and  40° :  lactate  of  zinc  is 
formed.  Its  compounds  with  bases  are  unstable,  being  decomposed 
readily  by  boiling. 

Acted  on  with  nitric  acid  it  yields  mucic  and  saccharic  (CgHiyO^), 
oxalic,  carbonic,  and  tartaric  acids.  It  is  precipitated  by  basic  acetate 
of  lead  and  ammonia,  and  reduces  alkaline  cupric  solutions,  but  less 
powerfully  thjin  glucose  (about  seven-tenths) ;  so  also  with  the  other  re- 
duction tests  (see  under  Grape  Sugar),  such  as  those  of  bismuth,  silver, 
and  indigo. 

Prepare f toil. — 1.  Add  to  cow's  milk  one-fifth  its  woijrht  of  powdered  plas- 
ter of  P«iris;  boil  and  evaporate  to  dryness;  exhaust  the  dry  residue  with  ether 
to  renirive  fatty  matter,  and  then  treat  with  spirit  to  remove  the  sujrar  present, 
from  which  it  is  obtained  by  crystallization. 

2.  Boil  the  milk  and  then  add  a  few  drops  f>f  aciitic  or  hydrochloric  acid, 
80  as  to  separate  the  curd ;  filter  throiijrh  linen,  and  clarity  the  whey  when  cold 
by  mixing  with  it  a  little  well-beaten  white  of  e<rg  and  then  boilinjj;  the  mixture ; 
filter  jigain  through  linen  or  muslin,  and  evaporate  the  filtrate  to  a  syrupy  state; 
lay  aside  in  a  c(K)1  j)lace  for  a  few  days,  and  purify  the  crystalline  mass  obtained 
by  boiling  it  with  animal  charcoal ;  then  recrystallize. 

8.  Acidulate  so  as  to  precipitate  the  casein,  filter  through  linen,  boil  the 
filtrate,  and  filter  again;  evap(»rate  finally  to  a  small  bulk,  and  lay  aside  to 
crystallize. 

To  Detect  Sugar  in  Milk, — Acidulate  slightly  with  acetic  acid,  boil, 
and  filter,  and  test  the  filtrate  with  Fehling's  solution  and  with  bis- 
muthic  nitrate  solution  (see  under  Grape  Sugar). 

MALTOSE  is  the  end  i)roduct  of  the  action  of  diastase  on  starch, 
and  can  also  be  formed  by  the  action  of  dilute  sulphuric  acid  on  the 
same  body.  It  resembles  cane  sugar  in  many  respects,  but,  unlike  it, 
maltose  possesses  the  power  of  reducing  an  alkaline  solution  of  cupric 
hydrate,  its  reducing  action,  however,  being  about  one-third  less  than 
that  of  dextrose,  but  it  hits  a  stronger  dextro-rotatory  power  than  this 
body  (150°),  and,  like  it,  is  capable  of  undergoing  alcoholic  fermenta- 
tion; it  can  also  be  converted  into  dextrose  by  being  warmed  for  some 
time  with  a  dilute  acid.  It  is  said  to  form  fine  acicular  crystals.  Un- 
der Digestion  reference  will  be  made  to  the  probability  of  this  body 
being  the  chief  sugar  formed  by  the  action  of  the  aninud  diastase  on 
ferments. 
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AEABIK  is  the  main  constituent  of  gum  arabic.  When  heated  with 
dilute  sulphuric  acid  it  yields  a  crystalline  sugar,  arabino%e^  that  is  iso- 
meric with  dextrose,  like  this  body  reducing  an  alkaline  solution  of 
cupric  hydrate  and  polarizing  to  the  right,  but  more  powerfully ;  unlike, 
however,  in  being  incapable  of  fermentation  with  yeast. 


CHAPTER  XII.  » 

GRAPE  SUGAR. 

C    ...    36-36 
GRAPE  SUGAR    {T)extnm^,    CJI.^Oe+H^O-^II    ..      7-07 

0    ...    56-57 
C    ...    40-0     ^ 
C,jHi206=II    ...      6*6      y. — Its   rational   formula  may   be   written 

0  53"  34    1 

C,(0CH)He(0H)5  or  CH^OHlCIIOHj.COH.     In   some   respects,  we 
have  seen,  it  corresponds  to  an  alcohol,  and  in  others  to  an  aldehyd. 

This  sugar  is  found  in  the  chyle  after  the  ingestion  of  starchy  or 
saccharine  food,  in  the  blood,  especially  of  the  hepatic  vein,  in  the  lymph, 
muscle  juice,  and  in  the  intestinal  contents.  According  to  Bernard 
in  the  blood  of  the  carotid  of  dogs  it  forms  0*110  to  0*151  per  cent., 
and  in  that  of  the  jugular  0*067  to  0*125  per  cent.  In  the  blood  of 
the  carotid  Abeles  found  0*049  per  cent.,  and  in  the  venous  blood  of 
the  right  heart  0*054  per  cent.  The  estimates  given  by  different  ex- 
perimenters of  the  comparative  amounts  of  sugar  in  the  blood  of  the 
portal  and  hepatic  veins  vary  considerably,  some  corresponding  more  or 
less  with  Bernard'}?  results,  and  others  differing  therefrom.  So  also, 
with  regard  to  the  proportion  of  sugar  in  the  blood  of  the  right  and  left 
heart,  but  careful  experiments  point  to  the  proportion  of  sugar  in  the 
right  heart  exceeding  that  in  the  left  (LusK,  etc.) 

Properties. — Pure  glucose  does  not  crystallize  well,  sometimes  ap- 
pearing as  little  warty  masses,  or  as  little  clusters  of  fine  needles,  or  of 
radiating  rhomboidal  lamellae,  or  in  six-sided  tables  or  prisms,  occasion- 
ally also  in  cubes  or  square  tables.  The  crystalline  modification  passes 
readily  into  the  amorphous  form  when  its  solutions  are  boiled  or  allowed 
to  stand  for  some  time.  From  hot  absolute  alcohol  it  crystallizes  in 
white  anhydrous  needles  that  are  closely  packed  in  little  warty  masses. 
It  is  not  so  sweet  as  cane  sugar,  easily  soluble  in  water,  but  less  so  than 
cane  sugar,  very  slightly  soluble  in  alcohol,  and  insoluble  in  ether. 
Its  watery  solutions  polarize  strongly  to  the  right:  53*1°  (Tollens), 
or  the  crystalline  form  56*4°,  and  the  amorphous  56°  (IIoppe  Seyler). 
Freshly  prepared  watery  solutions  may  indicate  104°,  but  on  heating 
the  solution,  or  after  it  has  stood  some  time,  it  falls  to  56°,  where  it 
remains  constant. 

An  alkaline  solution  forms  a  deep  blue  fluid  with  cupric  salts,  which 
is  decomposed  by  boiling,  the  cuprous  oxide  being  precipitated;  but 


GRAPE   SUGAR.  77 

this  reaction  is  hindered  somewhat  by  the  presence  of  albumen,  peptones, 
pepsin,  kreatin,  and  kreatinin. 

Preparation,  (a)  From  Cane  Sugar. — Add  30  c.c.  strong  hydrochloric 
acid  to  500  c.c.  alcohol  (80  per  cent.),  and  saturate  the  mixture  with  finely- 
powdered  cane  sugar.  After  standing  some  time  grape  sugjir  separates  in  a 
chemically  pure  form  in"  white  crystalline  crusts.  Collect  the  crystals  by  de- 
can  tation,  and  after  washing  them  upon  a  filter  with  absolute  alcohol  until  the 
acid  reaction  disappears  dry  them  in  a  warm  chamber,  and  lastly  recrystallize 
them  from  boiling  absolute  alcohol. 

By  this  process  grape  sugar  is  obtained  with  less  trouble  and  expense  than 
by  the  following  method. 

(6)  From  Duthetic  Urine. — Evaporate  the  urine  at  a  low  temperature  to 
a  syi*upy  consistence,  and  at  the  end  of  a  few  days  or  weeks  an  abundant  crys- 
tallization appears.  Decant  and  rub  up  the  saccharine  mass  with  a  little 
alcohol,  treat  it  with  more  spirit,  and  decant  again ;  then  boil  with  still  more 
alcohol,  filter,  and  allow  the  filtrate  to  crystallize.  By  repeated  crystallizations 
from  alcohol  the  sugar  can  be  obtained  free  from  color  and  in  the  form  of  four- 
sided  prisms,  sometimes  united  in  warty  masses. 

(c)  From  Starch. — Boil  the  following  mixture  for  4  or  5  hours :  potato 
starch  15,  sulphuric  acid  6,  water  60.  Then  neutralize  with  chalk,  filter,  and 
evaporate  the  filtrate  rapidly  to  a  small  bulk,  from  which  much  of  the  color 
may  be  removed  by  shaking  it  up  with  animal  charcoal.  The  ultimate  filtrate 
is  evaporated  to  a  thin  syrup  and  allowed  to  crystallize  out. 

(d)  From  Honey ,  of  which  it  forms  the  solid  crystalline  portion,  it  may  be 
readily  prepared  by  washing  away  the  fluid  syrup  with  cold  alcohol. 

Combinations. — It  combines  with  certain  acids  and  bases  (as  potash 
and  lime),  forming  glycosates  or  saccharates;  when,  for  example,  an 
alcoholic  solution  of  glucose  is  mixed  with  an  alcoholic  solution  of 
caustic  potash,  the  saccharate  (CgHuKOg)  separates  after  some  time, 
but  its  watery  solutions  give  no  precipitates  with  earthy  or  metallic 
salts ;  only  in  presence  of  ammonia  is  it  thrown  down  by  neutral  or 
basic  acetate  of  lead,  by  w^hich,  however,  it  is  then  readily  and  com- 
pletely precipitated.  From  a  concentrated  solution  of  grape  sugar 
saturated  with  sodic  chloride  large  rhombohedric  or  double  pyramidal 
crystals,  having  the  composition  2C6Hi206+NaClH-H20,  oft^n  separate 
on  allowing  the  solution  to  evaporate  spontaneously. 

Decompositions. — If  1  molecule  of  grape  sugar  is  mixed  with  5 
molecules  of  cupric  sulphate  and  11  molecules  of  sodic  hydrate,  and 
the  mixture  laid  aside  for  20  minutes,  the  copper  will  be  precipitated 
completely,  and  the  filtrate  will  be  free  from  sugar  (Salkowski).  In 
alkaline  solutions  it  has  therefore  a  great  tendency  to  absorb  oxygen, 
and  accordingly  acts  as  a  strong  reducing  agent.  Most  of  its  tests 
really  depend  on  this  property. 

When  boiled  with  the  stronger  acids  and  alkalies  grape  sugar  is 
decomposed ;  with  nitric  acid  it  fonns  saccharic  and  oxalic  acids,  and 
with  dilute  sulphuric  or  hydrochloric  acids  it  is  converted  into  brown 
substances — ulmin,  ulmic  acid,  etc. 

Under  the  influence  of  yeast  it  ferments  at  a  temperature  from  10° 
to  40°,  but  best  at  25°  to  35°  (below  5°  or  above  45°  fermentation 
completely  ceases) — C6Hi206=2(C2H60)  (alcohol)  +2CO2,  a  little  amyl 
alcohol,  glycerin,  and  succinic  acid  being  formed  at  the  same  time.     A 
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complete  fermentation  will  not  occur  if  the  percentage  of  sugar  is  much 
above  15  per  cent.,  an  accumulation  of  alcohol  also  hindering  the 
process. 

Grape  sugar  is  readily  convertible  into  lactic  and  even  butyric  acid 
in  presence  of  organic  bodies  in  a  state  of  change,  such  as  are  to  be 
found,  for  example,  in  the  alimentary  canal.  By  mixing  with  some 
dextrose  a  little  cheese,  decaying  albumen,  or  sour  milk,  lactic  and  then 
butyric  acid  fermentation  will  be  set  up,  with  the  evolution  of  carbonic 
acid  and  hydrogen. 

When  heated  glucose  melts,  water  is  given  off,  and  glucosan  formed; 
at  a  higher  temperature  more  watery  vapor  is  evolved,  and  at  about 
170°  it  is  changed  into  caramel. 

Origin,  R61e,  and  Destination. — The  sugar  in  the  body  is  derived 
partly  from  the  sugar  and  starch  contained  in  the  food,  but  a  part  is 
undoubtedly  formed  in  the  organism  itself,  particularly  in  the  liver  and 
in  muscle,  and  very  probably  from  the  glycogen. 

Its  role  is  chiefly  that  of  a  respiratory  food,  its  combustion  into 
carbonic  acid  and  water  giving  out  much  heat;  but  whether  these 
products  are  direct  or  not  it  would  be  diflicult  to  say ;  that  there  are 
intermediate  products,  however,  is  very  likely,  as  is  evidenced  by  the 
occasional  presence  of  aceton  in  the  urine,  especially  of  diabetes,  and 
occasionally  in  the  urine  of  fevers  (variola,  typhus,  pneumonia).  Mialhe 
was  of  opinion  that  the  sugar,  when  it  arrived  in  the  blood,  formed  gly- 
cosates  that  were  rapidly  transformed,  ultimately  undergoing  oxidation. 
It  is  probable  also  that  it  aids  in  the  development  of  muscular  energy. 

Tests. — Before  trying  Trommers  test  it  is  generally  advisable  for 
the  student  to  refresh  his  knowledge  of  some  of  the  chemical  properties 
of  sulphate  of  copper,  and  accordingly  apply  the  following  tests  to  a 
solution  of  that  body  :  (j)  Add  caustic  potash — a  light  blue  precipitate 
of  the  hydrated  oxide,  insoluble  in  excess.  Boil,  and  the  blue  hydrated 
oxide  is  decomposed,  the  black  oxide  being  deposited,  (ij)  Repeat  the 
experiment,  but  first  add  some  potassic  tartrate ;  the  blue  precipitate  is 
now  soluble  in  excess,  a  clear  blue  fluid  being  obtained,  on  boiling 
which  no  precipitate  is  thrown  down,  (iij)  Next  substitute  glycerin  for 
the  potassic  tartrate,  and  note  that  the  same  result  is  produced  as  before. 
(iv)  The  same  experiment  is  to  be  again  repeated,  but  this  time  after 
the  addition  of  sugar,  when  it  is  to  be  observed  that  the  precipitate 
is  soluble  in  excess  of  caustic  pota^^h,  but  also  that  on  boiling  the 
suboxide  is  thrown  down,  owing  to  a  reduction  of  the  cupric  salt. 
(v)  Perforin  the  last  experiment  again,  and  note  the  influence  exerted  by 
the  addition  of  ammonia  or  its  salts  (the  chloride,  urate,  etc.)  in  pre- 
venting the  reduction ;  then  boil  for  some  time  with  excess  of  caustic 
potash,  and  after  the  consequent  evolution  of  ammonia  it  will  be  found 
that  the  suboxide  will  generally  be  obtained  (Beale). 

1.  Tromincrs  Test. — Add  a  drop  or  two  of  a  dilute  soluti&n  of  cupric 
sulphate  to  the  solution  of  sugar,  so  as  to  give  the  mixture  a  very  pale 
blue  tint;  now  ad<l  caustic  potash  or  soda  in  excess:  a  pale  blue  pre- 
cipitate of  cupric  hydrate  is  thrown  down,  which  immediately  redissolves, 
a  deep  blue  solution  being  formed.     Heat  gently,  and  generally  l)efore 
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the  boiling  point  is  reached  a  reddish ^  orange^  or  yelhto  precipitate  of 
the  suboxide  of  copper  will  show  itself,  appearing  first  near  the  surface 
of  the  liquid.  The  color  of  the  precipitate  depends  on  the  relative  pro- 
portions of  the  sugar  and  copper,  with  excess  of  sugar  being  yellowish 
and  with  excess  of  copper  reddish ;  but  this  is  also  affected  greatly  by 
the  degree  of  concentration  and  the  purity  of  the  solutions  employed, 
with  impure  solutions,  as  with  urine  containing  little  sugar,  the  subox- 
ide having  generally  a  yellow  color. 

It  is  much  safer  to  employ  a  little  Fehling's  solution  in  applying 
this  test,  as  many  liabilities  to  error  are  thus  avoided.  Place  some  of 
the  solution  in  a  test  tube,  dilute  it  with  water,  and  boil ;  then  add  the 
saccharine  fluid  drop  by  drop  and  continue  the  application  of  the  heat: 
a  yellow  or  red  sediment  will  soon  form  before  boiling  point  is  reached. 
The  plan  of  boiling  the  urine  first  and  then  adding  the  reagent  is  not  to 
be  adopted. 

If  albumen  is  present,  as  occasionally  happens  with  saccharine  urine, 
it  is  advisable  to  separate  this  body  before  applying  Trommer's  test. 
This  is  readily  done  by  acidifying  the  liquid  with  a  drop  or  two  of  acetic 
acid,  then  boiling  for  some  time,  filtering,  and  washing  the  precipitated 
albumen  on  a  filter. 

2.  Moore  8  Test. — To  a  little  of  the  solution  add  half  its  volume  of 
liquirr  potnssce  and  boil  gently  for  a  minute  or  two :  a  bright  brown 
tint  is  acquired  by  the  fluid.  The  change  in  color  will  be  better  seen  if 
only  the  upper  part  of  the  mixed  liquids  is  heated.  It  is  due  to  the 
formation  of  melassic  acid,  and  if  a  little  nitric  acid  in  excess  is  next 
added,  an  odor  like  that  of  burnt  sugar  or  of  formic  acid  will  be  evolved. 

The  test  is  wanting  in  delicacy.  Care  should  be  taken  that  the 
caustic  potash  contains  no  trace  of  lead. 

3.  Reduction  Tests,  {a)  Maumenes, — When  glucose  is  heated  in 
contact  with  perchloride  of  tin  (SnCl^)  decomposition  occurs  and  a  black 
compound  is  formed. 

The  test  may  be  conveniently  applied  thus:  Dissolve  some  of  the 
perchloride  in  twice  its  weight  of  water  and  filter ;  immerse  long  strips 
of  any  woolen  material,  such  as  white  merino  or  flannel,  in  this  solution, 
and  then  dry  them  over  a  water  bath  at  a  gentle  heat ;  these  strips  are 
to  be  kept  in  a  bottle  till  required.  Dip  one  of  them  in  a  very  dilute 
solution  of  the  grape  sugar,  and  heat  the  moistened  slip  before  a  fire, 
or  otherwise  (at  a  temperature  of  130°  to  150°),  and  it  will  quickly 
assume  a  brownish  black  color. 

Other  carbohydrates,  however,  possess  the  same  property. 

(b)  Bottger's  Bismuth  Test. — This  may  be  performed  in  any  of 
the  three  ways  given  below ;  the  third,  however,  is  to  be  preferred ; 
but  no  albumen  must  be  present. 

( j)  Add  a  few  drops  of  dilute  nitric  acid  solution  of  nitrate  of  bis- 
muth to  the  solution  of  sugar,  then  render  the  mixture  alkaline  by  the 
addition  of  sodic  carbonate  and  boil  a  few  minutes ;  the  bismuth  salt 
is  reduced  and  a  gray  or  black  precipitate  is  thrown  down. 

(ij)  Boil  some  of  the  grape  sugar  solution  and  saturate  it  with  sodic 
carbonate  in  substance,  then  add  a  few  grains  of  basic  bismuthic  nitrate 
and  boil  a  few  minutos;  a  gray  and  then  a  black  precipitate  of  metallic 
bismuth  soon  appears. 
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(iij)  First  prepare  an  alkaline  solution  of  the  oxide  of  bismuth: 
take  6  grams  basic  nitrate  of  bismuth  and  5  grams  powdered  tar- 
taric acid,  and  place  in  a  small  flask  with  30  c.c.  distilled  water ;  now 
add  slowly  and  with  constant  stirring  some  strong  solution  of  caustic 
soda  until  a  clear  solution  is  obtained.  Close  the  flask  with  a  caout- 
chouc stopper  through  which  passes  a  tube  filled  with  fragments  of 
caustic  lime. 

Add  a  little  of  this  to  the  solution  of  sugar  and  boil  for  a  few 
minutes,  when  a  marked  brown  and  then  a  black  coloration  shows  itself, 
a  black  powder  subsequently  separating. 

(c)  Silver  Test, — Add  ammonia  in  excess  to  a  little  strong  solution 
of  silver  nitrate,  then  boil  after  the  addition  of  the  grape  sugar;  the 
silver  salt  will  be  reduced  and  form  a  mirror  in  the  bottom  of  the  tube. 

Aldehyde  and  tartaric  acid,  however,  give  the  same  reaction. 

{d)  Indigo  Carmin. — Add  some  sodic  or  potassic  carbonate  to  a 
dilute  grape-sugar  solution,  and  then  sufficient  solution  of  indigo  car- 
min to  impart  a  blue  coloration;  boil,  and  o.  yellow  color  will  ultimately 
make  its  appearance,  indigo  white  being  formed,  the  blue  changing  to 
green  and  then  to  reddish  purple  and  red.  The  blue  tint  may  be  re- 
stored by  pouring  the  fluid  into  a  small  flask  and  shaking  in  the  air 
for  some  time,  but  the  yellow  color  soon  reappears. 

4.  Picric  Acid  Test. — Mix  with  the  sugar  solution  an  equal  volume 
of  a  saturated  solution  of  picric  acid,  and  heat  the  mixture  gently  after 
the  addition  of  a  few  drops  of  liquor  potasspe ;  a  deep  red  broien  color 
gradually  appears. 

5.  Fermentation  Test, — This  is  one  of  the  most  satisfactory  tests 
for  sugar,  but  it  fails  if  only  slight  traces  (below  0*5  per  cent.)  are 
present. 

(a)  Fill  a  large  test  tube  with  a  dilute  solution  of  the  sugar,  and 
after  adding  a  little  dried  German  yeast,  or  some  fresh  yeast,  invert 
the  tube  over  some  more  of  the  same  solution  of  sugar,  or  better  over 
a  layer  of  mercury  in  a  small  evaporating  dish,  closing  the  mouth  of 
the  tube  with  the  finger  or  with  a  pad  of  india  rubber  in  doing  so. 
Lay  the  whole  aside  in  a  warm  place  (about  25°)  for  24  hours.  The 
sugar  will  undergo  fermentation,  alcohol  and  carbonic  anhydride  being 
formed,  the  latter  accumulating  in  the  test  tube  and  displacing  the 
fluid.  To  identify  the  carbonic  ai'id  gas,  close  the  lower  end  of  the 
inverted  tube  with  the  thumb,  and  transfer  it  to  a  dish  containing  wa- 
ter; then  fill  a  small  test  tube  with  water,  and  having  inverted  it  in 
the  same  dish,  bring  the  mouth  of  the  largest  test  tube  under  that  of 
the  small  one,  so  as  to  allow  a  little  of  the  gas  to  escape  and  enter  it. 
Test  the  carbonic  acid  gas  thus  obtained  by  the  addition  of  clear  lime 
water,  which  at  once  becomes  milky  on  shaking  it  with  the  gas  from  the 
formation  of  carbonate;  or  by  passing  a  piece  of  solid  caustic  potash 
into  it  when  over  mercury,  by  which  means  the  gas  will  be  absorbed. 

As  the  yeast  itself,  from  being  impure,  frequently  evolves  carbonic 
acid,  as  a  precaution  place  the  same  quantity  of  yeast  in  another  test 
tube  filled  w  ith  water,  and  proceed  with  it  as  with  the  solution  of  sugar. 

[b)  When  only  a  small  amount  of  sugar  is  present,  say  in  urine, 
the  test  may  be  thus  applied :  The  dilute  saccharine  solution  is  acidified 
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with  a  drop  of  acetic  acid  and  a  small  piece  of  jeast  well  mixed  up 
with  it;  it  ia  then  transferred  to  the  cylinder  n  in  the  luljoining  appa- 
ratus, so  as  to  fill  it,  and  then  into  the  narrow  part  of  the  cylinder  b 
Boine  mercury  is  poured.  The  whole  is  set  aside  in  a  moderately  warm 
place  (30°). 

In  a  few  hours  gas  is  disengaged  and  collects  in  the  upper  part  of 
a.  To  prove  it  to  be  carbonic  acid  fill  the  wide  part  of  the  cylinder 
c  with  caustic  potash;  then  having 
closed  the  orifice  with  the  finger,  shake 
vigorously,  when  the  gas  will  be  ab- 
sorbed. It  is  advisable  to  make  a 
control  experiment  at  the  same  time, 
replacing  the  saccharine  solution  or 
urine  with  water. 

To  render  the  experiment  conclu- 
sive by  deteeting  the  pregnnee  of  aleo- 
/lol,  which,  however,  is  unnecessary, 
the  dilute  saccharine  solution  should 
be  evaporated  to  half  its  volume  before 
adding  the  yeast,  and  the  fermented 
fluid  afterwartls  treated  with  benzoyl 
chloride,  which  causes  benzoic  ether  to 
be  evolved  (Bertdblot).      Or  distil 

and  mix  the  distillate  with  a  little  rio.o.-AnMB.ms  fiirs™ah  kkhuknta- 
aolution  of  iodine  in  potassic  iodide;  '"""  ""^' 

add  caustic  potash  drop  by  drop  till  „f  f^oar'^ii^i'it!'^ wMaa'ot  ihF"iirine 
the  color  disappears,  when  it  is  to  be  ',:;||;lL^m«'tl^^h^''J&w■i.V^A^^ 
laid  aside  for  some  time:  a  yellowish     ''2'"?'"',"^ **■ 'J' J'll?'* '?*','*''??"'• 

,  11-  cllued,  and  In  which  tbe  carbonic  oditna 

color  appears  and  a  sediment  soon  amimiiLMet;*,  ■  [fitiequLcii»iivor  ai  ihe 
forms,  showing  six-side<l  crystalline  "A^HR^uTi^llf^nd'aUowTug"  he  ^|« 
tables  of  iodoform  under  the  the  micro-  ^U"  ""''*  ^""" <"»<'""'««"'»  e'^'""- 
scope. 

(c)  Two  little  flasks  connected  together,  as  in  Fig.  13,  can  also  be 
used.  One  (a)  is  half  filled  with  the  saccharine  fluid,  2  or  3  drops 
strong  solution  of  tartaric  acid  added  and  then  a  piece  of  yeast.  The 
gas  when  generated,  passes  into  the  other  flask  (li),  which  is  half  filled 
with  baryta  water,  by  which  it  is  absorbed  and  baric  carbonate  formed. 
Lay  the  apparatus  aside  at  a  temperature  of  20°  to  25°. 

(d)  Fill  a  long  test  tube  with  solution  of  sugar  and  the  yeast,  and 
through  the  cork  closing  its  mouth  pass  a  narrow  gloss  tube  to  the  bottom 
of  the  test  tube.  Attached  to  the  outer  end  of  the  narrow  glaas  tube 
is  a  piece  of  india  rubber  tubing,  which  dips  into  a  small  flask.  Place 
the  whole  in  a  warm  chamber  at  35°.  Tlie  carbonic  acid  generated 
will  drive  out  the  fluid  into  the  flask,  where  it  can  be  tested  for  alcohol 
by  one  of  the  delicate  methods  given  under  b,  or  by  boiling  it  with  a 
little  potassic  bichromate  and  sulphuric  acid,  when  a  green  coloration 
is  produced. 

The  yeast  Growth. — During  the  process  of  fermentation  the  yeast 
grows  at  the  expense  of  the  sugar,  and  a  characteristic  delicate  white 
scum  accumulates  on  the  surface  of  the  liquid,  which  on  microscopic 
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examination  will  be  seen  to  consist  of  torula  stems,  and  great  numbers 
of  minute  oval  vesicles.     These  granules,  or  torulcey  are  single  or  asso- 
ciated in  clumps,  or  united  end   to  end.     Each 
Q  Q     •«        a        granule  is  round  or  oval  and  transparent,  having 
*  ^  <J  "^    ^  an  average  diameter  of  ^tjVo"  ^^  ^^  inch,  and  con- 

^  0   *^  sisting  of  a  little  thin-walled  cell  filled  with  a  semi- 

fluid matter  or  protoplasm  in  which  a  clear  space 
or  vacuole  is  generally  to  be  seen.  The  torulae  are 
living  bodies  that  under  favorable  conditions  grow 
and  multiply,  chiefly  by  a  process  of  budding,  and 
as  the  result  of  their  vitality  the  series  of  fermen- 
tation products  are  manufactured  by  them  from  the 
Fio.  10.— Yeast  ToRrL.K.  food  substanccs  contained  in  the  fluid  in  which  they 
a,  at  re«t;  6  in  different  float.     The  prescncc  of  nitroffcn,  phosphorus,  sul- 

KtagCM  of  activity.  .*  V       '    A  ^  n\^     • 

phur,  potassmm,  and  magnesium  m  some  oi  their 
combinations  appears  to  be  necessary  to  their  growth,  their  develop- 
ment being  an  essential  part  of  the  fermentation  process,  the  cells 
living  and  growing  at  the  expense  of  the  sugar,  causing  it  to  break  up 
into  simple  substances  by  withdrawing  from  it  a  portion  of  the  material 
necessary  for  their  continued  sustenance.  Some  of  the  by-products  of 
the  fermentation  are  possibly  not  formed  by  the  splitting  up  of  the 
sugar,  but  are  the  result  of  some  secondary  action,  water  probably 
being  at  the  same  time  decomposed  into  its  elements  and  nascent  hydro- 
gen playing  an  active  part. 

Influence  of  Acids  on  the  Formation  and  Activity  of  Yeast. — So  far  as 
acids  are  concerned,  fermentation  is  aided  by  the  presence  of  sulphuric  acid 
002  i)er  cent,  and  of  lactic  acid  0*1  to  0*2  per  cent.,  while  it  is  retarded  by 
the  presence  nf  sulphuric  acid  02  per  cent.,  hydrochloric  acid  0*1  per  cent., 
phosplioric  acid  0-4:  to  0*5  per  cent.,  and  lactic  acid  25  per  cent.  Fermenta- 
tion Is  suppressed  by  sulphuric  acid  when  present  in  the  proportion  of  O'T  per 
cent.,  hydrochloric  acid  0"5  per  cent.,  phosphoric  acid  1-3  per  cent.,  and  lactic 
acid  40  per  cent.  (  IIaydixk). 

6.  The  j^trsence  of  sucjar  in  normal  urine,  in  which  it  exists  in 
very  small  amount,  may  often  be  shown  by  the  following  modification 
of  Br  tickets  method :  200  to  300  c.c.  fresh  urine  are  treated  with  excess 
of  boiling  saturated  solution  of  chloride  of  lead,  filtered,  and  the  filtrate 
precipitated  with  ammonia;  the  precipitate  is  collected,  washed,  sus- 
pended in  water,  and  decomposed  with  sulphuretted  hydrogen.  It  is 
again  filtered,  and  the  filtrate,  when  boiled  to  separate  the  excess  of 
hydric  sulphide,  will  give  with  Fehling's  solution  an  abundant  deposit 
of  the  cuprous  oxide. 

7.  Precipitation  hy  Potash  and  Alcohol. — By  this  process  very 
dilute  solutions  of  sugar  can  be  tested.  To  a  little  of  the  dilute  solu- 
tion  of  grape  sugar  add  4  times  its  volume  of  absolute  alcohol,  filter 
after  it  has  stood  aside  for  several  hours,  and  pour  into  the  filtrate  a 
little  alcoholic  (80  per  cent.)  solution  of  potash ;  now  set  aside  for  a 
couple  of  days,  when  a  deposit  consisting  of  a  combination  of  the 
potash  and  grape  sugar  occurs  on  the  sides  of  the  vessel.  Drain  off 
the  liquid,  dissolve  the  deposit  in  a  little  water,  and  test  the  solution 
by  any  of  the  usual  reagents;  or  the  watery  solution  of  the  deposit 
may  be  neutralized  with  acetic  acid,  precipitated  with  acetate  of  lead, 
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filtered,  the  lead  separated  by  means  of  hydric  sulphide,  and  the  filtrate, 
which  serves  for  the  sugar  tests,  partially  evaporated. 

8.  In  the  case  of  blood,  chyle,  etc.,  evaporate  the  serum  to  dryness 
and  exhaust  the  residue  with  spirit:  evaporate  this  to  dryness,  and 
exhaust  the  residue  again  with  the  spirit,  which  is  in  turn  to  be  evapo- 
rated to  dryness  and  its  residue  dissolved  in  water.  With  other  fluids, 
or  watery  extracts  of  organs,  first  exhaust  with  spirit,  evaporate  the 
spirituous  extract,  dissolve  the  residue  in  water,  add  to  this  watery 
extract  2  or  3  drops  of  acetic  acid,  and  evaporate  again ;  dissolve  this 
last  residue  in  water  and  apply  the  copper  test. 


CHAPTER  XIII. 

QUANTITATIVE  DETERMINATION  OF  ORAPE  SUGAR. 

The  amount  of  sugar  present  in  a  solution  can  be  determined:  (1) 
by  the  polariscope,  (2)  by  Fehling's  sohition,  (3)  by  standard  cyanide 
of  silver  solution  (Knapp),  (4)  by  'standard  silver  iodide  solution 
(Sachsse),  (5)  by  the  amount  of  carbonic  acid  gas  produced  in  the 
fermentation  of  a  given  quantity,  and  (6)  by  the  alteration  in  the 
specific  gravity  effected  by  fermentation  (Roberts). 

I.  By  Polarization. — Before  describin*^  the  process  it  may  be  advisable  to 
explain  the  principle  upon  which  it  is  founded.     When  a  ray  of  common  light 
passes  throujrh  certain  crystals  it  is  split  into  two  rays,  one  of  which  undergoes 
ordinary  refraction;   the  other  takes  a  new  or 
extn\ordinary  course,  and  is  said  to  be  polarized. 
Certain  doubly  refracting  crystals  like  tourma- 
line tend  to  absord  one  of  these  rays  (the  ordi-        ^ 
^i'^iry)  and  let  the  extraordinary  ray  pass.     If 
two  similar  plates  of  tourmaline  are  held  with 
their  axes  parallel  light  passes  through  both, 
but  if  they  are  turned  with  their  axes  at  right         j.^,,.  ii_tourm  a  link  Plates. 
andes  the  light  is  almost  entirely  stopped,  the  ,        ,     ,      .  . ,  ,  . 

light  that  ha«  been  polanzed  by  piussmg  through  *^  with  their  lon^  axe:*  parallel 
the  fin,t  plate  not  beinj? .  able  to  make  its  waj-  K jr/^^'c^ona  l^l^^^T^I^. 

though  the  second.      NlCOl  S  prisms,  COnsiStins:  prisms  crofwed  at  right  angles 

of  specially  cut  and  conjoined  prisms  of  Ice-  {JilJle'^'y^pilliiTy  V^J^nl 

land  spar,  act  like  the  tourmaline,  allowing  the  iind  complete  darkue**  ensue*). 

pijlarized  light   to  pa.ss  through  both  prisms 

except  when  they  are  crossed.  With  the  polarizer  and  analyzer,  as  these  prisms 
are  named,  so  arranged  a.s  to  allow  the  light  to  pass,  a  certain  degree  of  color 
will  be  observed,  which  changes  in  tint  as  the  analyzer  is  rotate.  If  now 
there  be  placed  between  the  two  i)risms  thus  crossed,  so  as  to  stop  the  light,  a 
plate  of  rock  crystal  cut  at  right  angles  to  the  principal  axis,  it  will  be  found 
that  the  Ught  passes,  so  that  the  rock  crystal  must  have  caused  a  certain  degree 
of  circular  rotation  of  the  polarized  ray  in  its  passage  through  befori^  it  arrived 
at  the  second  prism  oi:  analyzer;  indeed,  its  passage  through  the  latter  prism 
can  be  interrupted  by  turning  this  prism  round  to  a  certain  extent,  the  amount 
of  rotation  required  depending  on  the  thickness  of  the  rock  crystal  and  on  the 
Cf)lor  of  the  light  employed,  less  rotation  being  rei{uired  with  red  than  with 
the  other  primary  colors  towards  the  violet  end  of  the  spectrum.     With  some 
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plates  the  rotation  is  towards  the  rio:ht-hand,  and  with  others  towards  the  left. 
This  kind  of  polarization  is  therefore  called  circular,  the  expression  rotation 
towards  the  right  beinp:  applied  to  a  movement  in  the  direction  of  the  hands 
of  a  watch  as  seen  by  the  observer,  and  rotation  in  the  opposite  direction  termed 
left'lianded. 

Solutions  of  many  organic  bodies,  such  as  cane  and  grape  sugar  and  tar- 
taric acid,  etc.,  exhibit  a  right-handed  rotation,  and  accordingly  are  said  to  be 
dextro-rotatory;  while  others,  like  a  solution  of  albumen,  or  uncrystaJlized 
sugar,  and  spirits  of  turpentine,  rotate  the  light  towards  the  left  and  are 
accordingly  named  Imvo-rotatory. 

Suppose  now  the  two  prisms  are  so  arranged  as  to  extinguish  the  light 
completely,  and  a  tube  filled  with  a  solution  of  grape  sugar  is  interposed  between 
them ;  it  will  be  found  that  the  solution  acts  like  the  rock  salt  in  partially 
restoring  the  light.  On  rotating  the  analyzer,  or  prism  near  the  observer's  eye, 
through  a  certain  angle  the  light  is  again  extinguished,  and  it  will  be  seen  that 
the  amount  of  rotation  required  is  jointly  proportional  to  the  length  of  the 
tube  holding  the  sugar  and  to  the  strength  of  the  solution. 

As  the  amount  of  circular  polarization  varies  with  the  body  as  well  as  with 
the  strength  of  its  solution,  the  method  can  be  employed  in  determining  the 
strength  of  such  solutions,  as  in  the  case  of  the  saccharimeter  used  for  sac- 
charine solutions. 

There  are  different  forms  of  this  instrument,  but  they  correspond  in  having 
two  Nicol's  prisms  so  arranged  as  to  leave  a  space  between  to  receive  the  tube 
for  the  solution  of  sugar,  the  prism  through  which  the  light  passes  before 
entering  the  solution  being  named  the  polarizer,  and  the  other  the  analyzer,  as 
it  reijuires  the  one  to  produce  the  polarization  and  the  other  to  show  it.  The 
prisms  are  first  crossed  so  as  to  stop  the  light ;  the  tube  with  the  sugar  is  then 
inserted,  when  it  will  be  noticed,  as  above  explained,  that  the  light  is  enabled 
Xa\  pass.  It  is  then  necessary  to  rotjite  one  of  the  prisms  through  a  certain 
angle  before  the  light  is  again  excluded,  and  this  angle  is  measured  on  a  cir- 
cular graduated  disk,  the  prism  in  being  rotated,  carrying  an  index  with  it, 
which  moves  along  the  divisions  on  the  disk.  The  difficulty  lies  in  determining 
when  the  field  of  vision  is  darkest,  and  several  additions  have  been  made  to 
render  this  more  accurate. 

The  adjoining  diagrtun  will  illustrate  the  different  parts  of  the  saccharimeter. 
as  well  as  the  additions  referred  to. 


u 


V\u.  12. — Diagram  of  a  Sacchakimktkr. 


n  is  the  Nicol's  prism,  or  polarizer,  upon  which  the  light  falls. 

q  is  a  layer  of  (juartz,  composed  of  two  hiilves  of  eipial  thickness,  one 
dextro-  and  the  other  laovo-rotatory,  their  line  of  junction  being  in  the  axis  of 
the  instrument. 

Ms  a  brass  tube  closed  at  its  extremities  w^ith  glass,  to  be  filled  with  the 
saccharine  solution  to  be  tested. 

q'  Is  another  plate  of  cpiartz,  Isevo-rotatory. 

c,  the  compensator,  consists  of  two  right-angled  prisms  of  dextro-rotat<»ry 
quartz,  which  slide  one  on  the  other  by  means  of  a  rack  and  pinion  movement, 
so  that  the  thickness  of  the  combined  plate  can  be  altered,  its  effect  of  course 
increasing  in  proportion  to  the  overlapping  of  the  plates,  and  thus  compensating 
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more  or  less  the  effect  produced  by  the  laevo-rotatory  quartz  plate  q'.  In  their 
mean  position,  marked  by  the  zero  of  the  scale,  their  thickness  exactly  equals 
that  of  the  plate  q\  and  accordingly  they  destroy  its  hcvo-rotatory  action. 

ti  is  the  analyzer. 

o  L**  the  ocular,  consisting  of  two  lenses,  that  enable  tho  observer  to  see 
distinctly  the  vertical  line  of  separation  between  the  two  halves  of  the  double 
quartz  plate. 

A  scale  and  vernier  are  attached  to  indicate  the  relative  position  of  the 
partti  of  the  compensator,  the  zero  of  the  scale  corresponding  to  an  exact  com- 
pensation of  the  laevo-rotatory  quartz;  and  accordingly  when  the  screw  Is 
moved,  so  as  to  increase  the  thickness  of  the  compensator,  a  doxtro-rotation 
ensues,  the  contrary  effect  being  produced  by  moving  the  screw  in  the  opposite 
direction. 

When  the  analyzer  is  looked  through  two  distinct  colors  will  be  seen,  cor- 
resj)onding  to  each  of  the  two  halves  of  the  (juartz  plate  q;  but  by  turning  the 
analyzer  on  its  axis  the  whole  field  can  be  made  to  assume  the  same  tint.  If 
now  the  tube  t  is  filled  with  a  solution  of  sugar,  it  will  V>e  found  on  examina- 
tion that  the  previous  uniformity  of  the  field  has  departed,  and  that  a  difference 
of  color  shows  itself,  corresponding  t^)  the  two  halves  of  the  plate  q.  This  is 
dut;  to  the  sugar,  which  increascjs  the  action  of  the  dextro-rotatory  and  dimin- 
ishes that  of  the  laovo-rotatory  segment — a  diffiTcnce,  however,  that  can  be 
removed  by  the  rotation  of  the  analyzi^r  </,  or  more  delicately  by  means  of  the 
compensator.  From  the  amount  of  screwing  the  compensator  requires,  which 
is  read  off  on  the  scale  attached,  the  percentage  of  sugar  is  determined ;  the 
-^  sign  prefixed  to  the  number  indicates  right-handed  polarization,  and  the  — 
sign  left-handed. 

Different  saccharimeters  are  employed.  The  above  description  re- 
fers more  particularly  to  the  construction  of  Soleil-Ventzke's  instrument. 
Mitscherlich's  is  much  simpler. 

Saccharimetry. — Process  A,  If  we  use  a  Mitscherllch^  instrument  with  a 
double  (juartz  plate  (Hke  q  in  the  above  diagram),  the  tube  Is  placed  horizon- 
tally with  the  polarizer  in  front  of  the  aperture  in  a  cylinder  vsurrounding  a 
luminous  flame  of  some  kind.  The  analyzer  is  then  moved  until  the  two  halves 
of  the  visual  field  of  the  double  plate  offer  the  same  teinte  de  p(tssage,  say  a 
reddish  violet,  which  in  a  good  instrument  is  generally  indicated  by  the  index 
pointing  to  the  zero  of  the  scale ;  a  central  vertical  black  line  indicating  the 
c-rosstHl  position  of  the  Nicols  is  also  visible.  First  make  a  solution  of  the 
sugar  ccmt4iining  one  gram  to  each  c.c,  and  completely  fill  the  tube  between  the 
prisms  with  this  solution.  Now  look  through  the  instniment,  and  it  will  be 
found  that  the  two  halves  of  the  visual  field  are  unefjually  coloreil.  Turn  the 
analyzer  to  the  right  or  left  until  the  same  teinte  de  passage  is  obtained  as  be- 
fore the  insertion  of  the  sugar,  and  note  on  the  scale  the  number  of  degrees 
correspimding  to  the  angle  of  rotation ;  this  gives  the  specific  rotation^  by  which 
is  meant  the  rotation  effected  by  a  solution  of  the  substiuice  containing  one 
gram  in  one  c.c.  of  li{|uid  when  contained  in  the  one-decimetre  tube.  With 
any  known  strength  of  solution  (which  should  be  concentrated)  the  specific  ro- 
tation will  be  obtained  by  the  following  formula  for  yellow  light: — 

*=— ,,  where  «^specific  rotation. 

a=rotation  obsened. 

i^z=:weight  of  the  substance  in  grams  contained  in  one  c.c.  of  li(|uid. 
Zz=the  length  of  the  tube. 

To  find  the  value  of  mj,  the  formula  is  thus  modified :  %c=^-j. 

si 
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In  the  case  of  diabetic  urine,  when  we  employ  a  tube  one  decimetre  lonp, 
the  degrees  of  the  scale  prive  approximately  in  prams  the  percentage  richness  in 
sugar.     With  a  two-decimetre  tube  first  halve  the  number  of  degrees.     More 

exactly  the  percentage  is  obtained  by  the  formula  x= — —- — ,  where  x  is  the 

Ou 

percentage  sought,  a  the  rotation  with  the  one-decimetre  tube,  and  56°  the 

specific  rotatory  power  of  grape  sugar. 

The  solution  of  sugar  should  be  dear,  or  at  least  not  present  more  than  a 
slight  yellow  tint ;  otherwise  the  excess  of  color  must  be  removed  by  filtration 
through  animal  charcoal.  It  should  also  be  free  from  polarizing  bodies,  like 
albumen,  etc. 

2.  With  Ventzke-SoleiV s  saccharimeter^  arrange  the  instrument  horizontally 
before  the  source  of  light,  cutting  off  excess  as  before,  and  the  movable  Nicol 
is  turned  until  the  field  assumes  a  pale  rose  or  violet  tint.  This  color  series 
best  for  estimating  the  difference  of  color  in  the  two  halves  of  the  field  of  vLsi(m, 
and  is  therefore  to  be  preferred.  This  done,  the  e^-e-piece  of  the  small  telescojn? 
is  to  be  adjusted  so  as  to  enable  us  to  see  distinctly  the  line  separating  the  twi> 
halves  of  the  double  plate.  The  rack  of  the  compensator  is  next  to  be  turned 
one  way  or  other  till  we  render  the  two  halves  of  the  field  perfectly  identical 
in  tint.  Repeat  this  operation  several  times,  and  then  note  if  at  this  point  it 
corresi)onds  to  the  zero  of  the  scale.  If  not  a  correction  must  be  made  with 
the  little  button  below  the  fixed  Nicol,  bv  means  of  which  the  latter  is  turned 
a  little  to  one  side  or  other;  but  this  is  rarely  recjuired,  and  should  not  l>e  at- 
tempted by  the  ordinary  student.  At  the  zero  of  the  scale,  if  the  instrument 
is  correct,  the  dextro-rotatory  plates  of  the  compensiitor  are  of  such  thick- 
ness and  power  as  exactly  to  neutralize  the  laevo-rotatory  power  of  the  ])late 
of  quartz. 

When  working  with  an  accurate  instrument  we  may  proceed  at  once  to  the 
estimation  by  making  the  zero  of  the  vernier  coincide  with  the  zero  of  the  up- 
per scale,  focussing,  and  coloring  the  field  of  vision  of  a  rosy  tint.  The  instru- 
ment is  well  arranged  if  the  two  halves  of  the  field  continue  of  the  same  color 
however  the  movable  Nicol  is  turned.  The  clear  saccharine  solution  or  urine 
is  then  carefully  p()ured  into  one  of  the  tubes  lor  the  pur])o.se  so  as  to  fill  it 
completely,  and  it  is  inserted  in  its  place  in  the  polariscope.  This  tube  should 
be  kept  v(»ry  clean,  before  each  determination  being  washed  out  with  a  little  of 
the  solution  to  be  tested,  and  after  the  experiment  with  distilled  water.  Care 
should  be  taken  to  exclude  air,  and  not  to  screw  up  the  glass  plates  at  the  ends 
of  the  tube  too  tightly. 

On  examination  the  coloration  of  the  double  plate  will  no  longer  be  seen  to 
be  uniform;  we  therefore  turn  the  rack  of  the  com])ensiitor  to  the  right,  so  as 
to  try  to  reproduce  the  two  halves  of  the  field  with  exactly  the  same  tint.  The 
movable  Nicol  may  alsti  be  moved,  if  this  Has  not  already  been  done,  so  a.>  to 
secure  a  rose  or  other  tint  in  which  the  observer  can  most  sharpl}^  distinguish 
the  least  diff'erence  of  color  in  the  two  halves  of  the  double  plate;  and  when  we 
have  obtained  a  uniform  coloration,  .sav  of  a  rosy  tint,  the  movable  Nict>l  mav 
be  rotated  to  a.scertain  if  the  uniformity  of  the  field  ])ersists  with  the  change^  of 
color.  The  observations,  it  mav  bi^  remarked,  should,  for  the  sake  of  accuracv 
in  the  judgment  of  minute  diff'erences  of  color  by  the  (»ye,  be  made  as  rapidly 
as  possible,  ten  seconds  at  a  time  being  fully  sufficient. 

The  scale  of  the  compensator  is  then  read,  and  the  zero  of  the  vernier  will 
be  seen  to  the  rijiht  of  the  zero  of  the  scale,  indicatinir  a  dextro-rotatorv  bodv. 
The  compensator  is  generally  graduated,  so  that  each  degree  of  its  scale  repre- 
sents 1  gram  of  sugar  in  100  c.c.  of  fluid  when  the  one-decnnetre  tube  is  used 
at  a  temperature  of  about  17° ;  that  is,  each  degree  corre.s])onds  to  a  percentage. 
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When  the  two-  or  half-decimetre  tube  is  employed,  the  number  of  degrees  must 
be  divided  by  the  length  of  the  tube. 

Briefly,  the  steps  may  be  thus  stated :  The  lamp  is  arranged  so  that  the  light 
traverses  the  axis  of  the  instrument,  the  tube  first  being  filled  with  pure  water ; 
the  ocular  is  then  adjusted  so  that  the  field  may  be  seen  divided  into  two  equal 
halves,  of  the  same  or  different  tints  separated  by  a  sharply  defined  black  line. 
If  the  two  halves  are  of  different  tints,  turn  the  horizontal  screw-head  one  way 
or  other  till  they  are  both  alike.  The  tint  most  sensitive  to  the  observer's  eye 
may  be  chosen.  The  zero  of  the  scale  ought  to  coincide  with  the  black  line  of 
the  indicator;  if  not,  it  must  be  so  adjusted.  Fill  the  tube  with  the  sugar 
solution  and  examine ;  the  uniformity  of  tint  of  the  two  halves  of  the  field  no 
longer  exists.  This  is  re-established  by  turning  the  horizontal  button ;  and  the 
original  tint,  which  the  solution  has  generally  causi^d  to  disapj)ear,  must  then 
be  restored  by  turning  the  milled  head. 

We  therefore  start  with  an  equal  or  similar  coloration  of  the  two  halves  of 
the  double  quartz  plate,  and  we  finish  with  the  same,  the  number  of  degrees 
through  which  the  compensator  has  had  to  be  moved  to  re-establish  this  giving 
the  strength  of  the  saccharine  solution.  The  observations  are  best  made  in  a 
darkened  room. 

II.  Fehling's  Method  by  a  Standard  Copper  Solution.— This  is 
founded  on  the  property  possessed  by  grape  sugar  of  reducing  cupric 
oxide  (CuO),  when  present  in  alkaline  solutions,  to  the  state  of  cuprous 
oxide  (CujO),  and  depends  on  the  fact  that  a  definite  mixture  of  cupric 
sulphate,  potassic  tartrate,  and  caustic  soda  undergoes  no  change  on 
boiling  unless  sugar  is  added.  Soxiilet  and  others,  however,  have 
shown  that  the  power  of  grape  sugar  to  reduce  this  solution  is  not  con- 
stant, but  varies  somewhat  under  different  conditions. 

1  eq.  grape  sugar  (CgHijjO6=180)  is  capable  of  reducing  the  5  eq. 
(397)  of  cupric  oxide  contained  in  5  eq.  of  crystallized  cupric  sulphate 
(CuS04+5H20=249-5X  5=1247-5).  The  most  convenient  strength 
is  one  of  which  10  c.c.  fully  reduce  0*05  gram  of  grape  sugar,  and 
therefore  contain  0-3464  gram  cupric  sulphate. 

Preparation  of  tlie  Solutions.  Standard  Copper  Solution. — (a)  Roughly 
powder  some  pure  crystallized  cupric  sulphate,  and  press  it  between  some  folds 
of  dry  filter  paper ;  weigh  34*64  grams,  and  dissolve  in  moderately  warm  water, 
which  is  then  to  be  diluted  up  to  500  c.c.  with  cold  water.  Preserve  in  a  stop- 
pered flask. 

(6)  Dissolve  173  grams  Rochelle  salts  in  pure  crystals  in  caustic  soda  (sp. 
gr.  1-34)  100  c.c,  and  dilute  with  water  to  500  e.c.  Preserve  in  a  stoppered 
bottle.  Air  mu.st  be  carefully  excluded  from  both  solutions,  the  tartaric  acid, 
for  example,  in  solution  h  tending  to  change  into  racemic  acid,  which  reduces 
cupric  salts. 

For  use,  mix  equal  volumes  of  the  fluids  a.  and  h\  on  shaking  them  together 
a  dark  blue  fluid  is  obtained,  of  which  10  c.c.=005  gram  sugar. 

A  Mohrs  burette  and  a  pipette  capable  of  delivering  10  c.c.  are  required. 
If  the  Fehling's  solution  has  In^n  prepared  for  some  time  it  is  advisiible  to  boil 
a  little  of  it  and  then  lay  it  aside  for  half  an  hour,  when,  if  it  gives  no  precipi- 
tate, the  solution  will  serve  for  the  analysis. 

Process. — Tlie  solution  to  be  tested  should  not  contain  much  sugar;  indeed, 
it  must  not  miLch  exceed  O'b  per  cent.;  accordingly  stron^^  solutions,  and  most 
diabetic  urines,  should  be  diluted  before  being  tested.  With  diabetic  urine  of 
high  specific  gravity  dilute  with  10  or  20  times  its  volume  of  water.     Further, 
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if  the  solution  is  i)f  a  very  .lark  w>lr.r,  or  wutajiis  extractives  tliiil  miv-lii  hit. 
fere  with  thu  rt;at;ti'm.  it  is  iidviaable  tirsi  to  Ixiil  and  tlieti  mid  a  little  milk 
lime,  and  when  the  prei-ipitftte  hiis  settled  to  filter  tliriiugli  animal  cIiutliisI  uod 
dUut«  the  wiishin)^  to  a  defitiit«  rolumc. 

PlaM!  thB  di/ule  i^ucithiiriTie  Kiliition  iii  the  Muhr's  burettC:  nnd  biiviti^ 
tmnBferred  10  c.c.  of  the  Feliling'a  solution  to  a  deep  poreelaiu  dish  (or  tiniiill 
fUsk),  dilute  it  with  40  e.c.  water.  Placet  the  dish  [i\'er  a  lamp  nr  Bunsen 
burner,  and  arrau^  the  burette;  a  little  above  it  od  a  stand.  Heat  the  diluted 
Fehlinpi'a  solutiou,  and  when  It  is  bt^nuing  to  boil  allow  the  NUgor  solution  to 
flow  iuto  it  gradually;  the  red  Bub-oxide  is  thrown  down.nnd  the  blue  color  of 
the  solution  gets  less  and  Itsa.  Boil  again  and  repeat  the  addition  of  the  sugar 
solution  till  the  Hue  color  has  dUnppfurrd.  which  irt  best  obscrvefl  by  tilling 
the  porcelmn  dish  fnim  time  to  time  after  the  precipitate  baa  been  allowed  to- 
subitide  (or,  if  a  flask  lias  been  used,  by  holding  it  hefore  a  window),  and  a 
ing  the  fluid  to  n>t4ite  slowly  round  in  the  dish  or  flaek.  When  this  point 
been  rcflcheil,  to  laiure  accuracy  (especially  with  bepinneTB)  a  few  e.c.  of  the  hi 
fluid  should  be  filtered  through  a  amoll  thick  Swedish  filler,  the  filtrate  acidu- 
lated with  acetic  acid,  and  a  drup  of  potaasic  ferrocyanide  added.  If  copper  is 
pre9«eiit  u  brown  color  or  precipitate  is  funned.  In  this  case  more  of  the  sugar 
solution  uiUHt  be  added  to  the  diluted  Pehlin^.  and  the  operation  completed. 

It  K  always  adrisable  to  make  a  second  experiment,  and,  guided  by  the 
indicatioDS  of  the  first,  to  proceed  more  rapidly,  as  the  precipitated  suboxide 
i«iids  to  reoiidize  quickly  and  rcdissolve ;  and  if  comparatively  little  of  the 
diluted  urine  was  required,  the  latter  may  be  diluted  with  20  instead  of  10  times 
its  volume  of  water;  while  on  the  other  band,  if  but  little  sugar  is  present  the 
dilution  should  be  muoh  leas,  or  even  no  dilution  made  at  all. 

Suppose  12-5  c.e.  of  the  diluted  urine  reduced  10  c.C.  Fefaliog'a  solution 


0'05X100 


=0-416: 


12-5 

has  been  diluted  ten  times  its  volum 
9  been  diluted  20  times,  then  0-416>4 


(  ^0-05  gram  sugar),  then  the  percuntiige  of  sugar- 

aud,  as  the  saocharitiu  solution  o 
fl-41GxlO=4-lGporeeul.;  or 
20=8-32  per  cent. 

Tlie  results  obtained,  according  to  Wokm  ML'llbk,  and  Haokn,  t 
cent,  too  high. 

The  presenue  of  alcohol,  chloral,  and  benzoate  of  soda  in  the  urine  interfert 
with  the  accuracy  of  the  prouesa. 

Srp'triition  of  Alliumea. — With  milk  or  albuminous  saccharine  urine  ai 
nlntc  100  c.C,  or  so  with  acetic  or  hydrochloric  acid,  boil  for  some  minu 
filter,  wash  the  precipitate,  and  make  up  the  filtrate  to  the  originul  volume. 

Before  Fehling's  process  can  be  applied  lo  the  ihtnmimitioH  of  cmf  sugitr. 
this  body  must  first  X>a  converted  into  grape  sugar  by  heating  some  40  e.e.  uf 
ilfi  solution  20  minutes  or  so  with  40  drops  of  dilun>  hydrochloric  or  sulphuric 
acid  (1 :  5),  taking  care  oot  to  ehar  the  sugar,  and  to  replaee  the  water  that 
has  evaporate ;  then  neutralize  with  carbonate  of  soda  or  lime,  fitter,  and 
dilute  with  water. 

To  coneert  tltirch  into  gnipe  tugur,  to  enable  it  to  be  thus  estimated,  1 

fram  or  so  of  it  should  be  made  into  a  mucilage  with  40  e.c.  of  cold  water,  and 
ented  with  40  c.e,  of  one  of  the  above  dilute  acids ;  but  the  boUiog  retpiires 
to  be  continued  8  to  10  houre  before  the  conversion  into  grape  sugar  is  com- 
pleted [3C.H,„0.-f  H,0-r.n„0.+2C,H,„O,  (dextrin)]. 

i)5  part*  of  eane  sugar  or  itO  purls  of  starch  represent  100  parts  of  grape 
Mgiir. 

III.  Knapp's  Kethod  by  Hercoric  Cyanide  depends  on  the  reduction 
of  an  ulkttline  mercuric  cyiiuide  solution  by  the  sugar,  inettillic  niercuij' 
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being  deposited,  and  100  parts  anhydrous  grape  sugar  being  equivalent 
to  400  parts  mercuric  cyanide. 

Dissolve  pure  and  dry  mercuric  cyanide  10  grams  in  water,  add  caustic 
soda  (sp.  gr.  1*14)  100  c.c,  and  make  up  to  a  litre.  40  c.c.  correspond  to  0*1 
gram  grape  sugar.  The  solution  keeps  well,  and  for  this  and  other  reasons  its 
use  is  advocated  by  some  authorities. 

Process. — Boil  40  c.c.  in  a  beaker  or  small  flask,  and  allow  the  urine  or 
sugar  solution,  diluted  to  about  05  per  cent.,  to  flow  in  gradually  from  a  Mohr's 
burette,  as  in  the  previous  process,  with  continued  heating.  The  reduced  mer- 
cury sinks  slowly.  To  ascertain  the  end  of  the  reaction  remove  a  drop  of  the 
clear  fluid  from  time  to  time  with  a  capillary  tube,  and  place  it  on  a  piece  of 
very  fine  filter  paper ;  expose  this  spot  on  the  filter  paper  first  to  the  vapor  of 
hydrochloric  acid  and  then  to  that  of  sulphuretted  hydrogen ;  or  it  may  be 
exposed  to  the  vapor  of  ammonic  sulphide  for  half  a  minute  or  so  by  brin«^ing 
a  drop  down  upon  filter  paper  tied  over  a  small  beaker  containing  some  stronj^c 
ammonic  sulphide.  So  long  as  excess  of  unreduced  mercuric  salt  is  pi;psont 
the  entire  spot  becomes  brown,  and  as  less  and  less  is  present  only  the  margin 
is  colored,  and  finally,  when  it  is  all  reduce  J,  the  spot  remains  transparent. 
Only  the  coloration  of  the  fresh  spot  is  to  be  taken  as  the  indicator. 

It  is  advisable  to  dilute  the  mercuric  solution,  and  to  add  the  sugar  solution 
in  successive  portions ;  rapidity  is  also  necessary,  as  the  deposited  mercury 
redissolves  (MCller  and  Hag  en). 

The  results  are  not  more  accurate  than  those  obtained  by  Fehling's  process, 
but  the  standard  solution  is  easier  to  prepare  and  keeps  better. 

IV.  Sachsse's  Method. — 

Mercuric  iodide 18  grams. 

Potassic       **       35      ' 

Caustic  potash 80      '' 

Water to  1,000  c.c. 

40  c.c.  — 0*15  gram  grape  sugar. 

Proceed  as  in  Knapp\s  process.  The  end  of  the  reaction  is  noted  by  means  of 
a  solution  of  stannous  chloride  supersaturated  with  caustic  soda.  Some  drops 
of  this  solution  are  placed  on  a  small  porcelain  dish  and  treated  with  drops  of 
the  mixture;  so  long  as  the  mercuric  salt  is  present  in  excess  a  brown  color  or 
a  jrray  precipitate  appears. 

V.  The  Fermentation  Process. — This,  as  we  have  already  seen,  is 
applied  to  the  peculiar  decomposition  that  most  of  the  carbohydrates  of 
the  composition  CgHioOg  undergo,  in  dilute  aqueous  solutions,  under  the 
influence  of  beer  yeast.  It  consists  mainly  in  the  resolution  of  the 
sugar  into  ethyl  alcohol  and  carbonic  anhydride,  about  95  per  cent,  of 
the  sugar  appearing  to  undergo  this  change.  The  fermentation  occui-s 
most  readily  between  20°  and  40°,  best  probably  about  35°,  ceasing  at 
0°  and  being  retarded  by  reduction  of  pressure.  C6H,206=2C2HgO  + 
2CO2;  that  is,  1  molecule  grape  sugar  (180  by  weight)  gives  two  mole- 
cules carbonic  anhydride  (88  by  weight),  or  100  CO2=204*54  sugar. 
The  estimation  may  be  made  either  from  the  loss  in  weight  of  the 
apparatus,  owing  to  the  evolution  of  the  gas,  or  to  the  gain  in  weight 
of  an  absorption  tube  containing  caustic  potash  connected  with  the 
escape  pipe. 
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Two  small  flasks  are  connected  together  as  in  the  diagram.     Into  a  20 

c.c  of  the  sugar  solution  or  diabetic  urine  are 
poured,  then  some  drops  of  a  solution  of  tartaric 
acid,  and  a  piece  of  well-washed  yeast  added, 
and  b  half  filled  with  strong  sulphuric  acid. 
Now  weigh  the  apparatus  and  lay  it  aside  in  a 
warm  place  (20°  to  24°),  and  after  48  hours 
weigh  again,  having  first  heated  a  to  about  60°, 
drawn  air  through,  and  allowed  the  whole  to 
cool.  The  loss  in  weight XM  or  2*045=the 
grape  sugar. 


Fio.  13.— Apparatus  for  Ascer- 
taining THE  Quantity  of*  Car- 
bonic Acid  frosi  the  Loss  in 
Wkioht. 

Into  a  is  introduced  the  saccharine 
solution,  together  with  some  drops 
of  a  tartaric  acid  solution,  and  t  hen 
a  pidiee  of  yeasty  b  contains  a  little 
strong  sulphuric  acid,  into  which 
the  evolved  carbonic  acid  passes 
through  c  fVom  a,  and  escapes  by  e. 


Experiment. — 

Grauisi. 

Flask  and  saccharine  urine 58*54 

Flask 2.3-32 

Urine 35-22 

The  apparatus  before  I'ermentation       .     .  134-820 
The  apparatus  after  fermentation     .     .     .  134*033 

Carbonic  acid 0*787 


As  48*89  COj  correspond  to  100  sugar,  therefore  0-787=1*609  sugar.  Ac- 
cordingly the  35*22  grams  of  urine  contain  1-609  gram  sugar,  or  1,000  contain 
45-68  grams.  The  same  result  can  be  obtained  more  readily  by  multiplying 
the  loss  in  weight  by  2-045,  as  0-787X2*045=1-609  sugar. 

By  connecting  with  the  exit  tube  of  6  a  weighed  Liebig's  bulb  apparatus 
containing  caustic  potash  (sp.  gr.  1*27)  the  dried  carbonic  anhydride  escaping 
will  be  absorbed  and  give  rise  to  an  increase  in  weight.  As  an  additional  pre- 
caution that  the  escaping  gas  should  be  thoroughly  dry  before  entering  the 
potash  bulbs,  it  may  be  passed  through  a  drying  tube  filled  with  calcic  chloride 
or  pumice  stone  and  sulphuric  acid. 

Each  gram  or  fraction  of  a  gram  of  increased  weight  is  equal  to  twice  the 
same  amount  of  sugar,  or  more  correctly  to  the  increase  in  weightX  2-045. 

VI.  Estimation  from  Loss  of  Specific  Gravity  in  Fermentation. 

Differential  Density  Method  (Roberts). 

Process. — Take  nccumtely  the  specific  gravity  of  the  fluid,  and  in  doing  so 
it  is  better,  as  Dr.  Roberts  advises,  to  use  two  urinomet^rs  with  very  long 
stems,  one  ranging  from  995  to  1,025  and  the  other  from  1,025  to  1,055. 
The  temperature  of  the  liquid  should  also  be  taken,  and  filtration  performed  if 
necessary.  Place  about  4  oz.  (0-56  litre)  of  this  fluid  in  a  12-oz.  flask  or 
bottle ;  add  to  it  a  lump  of  washed  yeast  the  size  of  a  small  walnut ;  then  lay 
it  aside,  having  stopped  the  mouth  with  a  nicked  cork  so  as  to  allow  the  gas  to 
escape.  After  24  hours  in  a  warm  place  allow  the  scum  to  subside  and  take 
the  specific  gravity  of  the  decanted  liquid.  It  is  oflen  more  convenient  to 
place  a  tightly-corked  4-oz.  bottle  filled  with  the  same  solution  or  urine,  but 
without  any  yeast,  beside  the  specimen  containing  the  yeast.  Afler  about  18 
hours  the  two  bottles  can  be  removed  to  a  cool  place  for  2  or  3  hours,  and 
their  densities  then  taken.  In  this  way  any  error  as  to  the  efiect  of  difference 
of  temperature  on  the  density  can  be  avoided.  The  number  of  degrees  of  den- 
sity lost  indicates  the  number  of  grains  of  sugar  per  oz. ;  and  the  percentage  is 
obtained  by  multiplying  the  degrees  of  density  lost  by  0.28.  Thus  in  a  urine 
whose  density  before  fermentation  was  1,053,  and  afterwards  1,004,  the  de- 
grees of  density  lostr=49,  and  accordingly  49  grains  of  sugar  are  present  per 
oz.,  or  49X0*23=11*27  per  cent. 
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Manassein  gives  0*219  as  the  multiplier  instead  of  0*23,  and  considers 
that  for  practical  purposes  the  method  may  be  regarded  as  very  nearly  exact. 
Reckoning,  then,  each  degree  of  density  lost  aa=:0-219  per  cent,  of  sugar,  and 
taking  the  density  to  be  1,029  before  and  1,005  after  fermentation,  the  differ- 
ence 24x0*2l9=5-26  grams=the  percentage  of  sugar  present. 

Vn.  VoGEL  ha«  also  proposed  a  method  for  the  approximative  determi- 
nation, depending  on  the  intensity  of  coloration  produced  by  boiling  the  solu- 
tion to  be  tested  with  caustic  potash.  A  standard  of  comparison  is  obtained 
by  boiling  a  definite  weight  of  pure  and  dry  grape  sugar  with  an  excess  of 
caustic  potash.  Dr.  Garrod  uses  a  strong  solution  of  carbonate  of  potash 
instead  of  the  caustic  potash.  And  Dr.  George  Johnson  has  devised  a  quan- 
titative method  depending  on  the  depth  of  tint  yielded  when  the  saccharine 
solution  is  boiled  with  lifjuor  pota-ssa)  and  a  saturated  solution  of  j)icric  acid, 
as  compared  with  the  tint  of  a  standard  of  comparison  (see  under  Diabetic 
Urine). 


CHAPTER  XIV. 

INOSIT, 

INOSIT,  Cf^Ui.fi^+2UoO, — This  saccharine  body  is  met  with  in 
the  muscle  substance  of  the  heart,  and  in  most  of  the  organs  of  the 
body,  as  the  brain,  liver,  spleen,  lungs,  kidneys,  etc. ;  it  has  been  sepa- 
rated from  horse's  flesh,  the  blood  of  the  ox,  and  the  fluid  of  hydatid 
tumors;  traces  of  it  exist  also  in  most  diabetic  urines,  and  it  has  been 
noticed  in  a  few  cases  of  diabetes  completely  ou  partially  to  replace  the 
grape  sugar,  and  in  about  17  per  cent,  to  accompany  the  grape  sugar; 
further,  it  has  been  found  occurring  in  some  8  per  cent,  of  the  cases  of 
Bright's  disease,  and  has  been  detected  even  in  healthy  urine  (Cloetta, 
KtJLz),  especially  after  abundant  ingestion  of  water  or  the  use  of 
diuretics. 

Preparation.  1.  From  the  Juice  or  the  Watery  Extract  of  Muscle. — 
First  coagulate  the  albumen  by  boiling  the  fluid  after  the  addition  of  acetic 
acid;  then  add  baryta  wat(»r  to  the  filtrate  to  precipitate  the  phosphatiis;  filter, 
and  throw  down  excess  of  baryta  with  dilute  sulphuric  acid ;  concentrate  the 
filtrate,  which  causes  kreatiu  to  crystallize  out.  Next  treat  the  hot  decanted 
Uquid  with  four  times  its  volume  of  boiling  alcohol,  and  if  an  abundant  pre- 
cipitate is  formed,  but  adhering  to  the  sides  of  the  vessel,  decant  off"  the  spirit ; 
while  if  the  precipitate  does  not  settle  readily  filter  the  hot  lifjuid  through  a 
hot  funnel,  and  leave  the  filtrate  to  cool.  In  24  hours  a  crystalline  deposit 
has  formed;  decant  and  filter  the  supernatant  liquor;  then  wawli  the  collected 
crystals  with  a  little  cold  alcohol,  dissolve  them  in  a  little  boiling  water,  and  repre- 
cipitate  with  alcohol.  If  no  precipitate  appears  on  the  addition  of  the  excess 
of  boiling  alcohol,  ether  is  to  be  added  until  it  appears,  and  after  the  mixture 
has  been  well  stirred  the  whole  laid  a^^ide  to  crj'sti\llize. 

Or,  aft^r  separating  the  albumen,  treat  the  filtrate  with  neutral  lead  acetate, 
and  warm  the  filtrate  from  this  with  baijic  load  acetate ;  collect  the  precipitate 
after  twelve  hours  and  having  washed  it  suspend  it  in  water,  and  decompose 
with  sulphuretted  hydrogen.  The  concentrated  filtrate  will  yield  inosit  on 
concentration,  particularly  after  the  addition  of  alcohol. 

2.  From  Urine  containing  it. — Use  several  litres  of  weakly  acid  urine, 
and  proceed  as  with  the  juice  of  muscle,  adding  neutral  and  then  basic  acetate 
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of  lead.  After  the  precipitate  with  the  last  has  stood  twenty-four  hours,  de- 
compose it  as  l)efore  with  hydric  sulpliide,  filter,  and  after  standing  some  time 
decant  the  clear  liquid  from  the  precipitated  uric  acid  into  a  porcelain  capsule, 
where  it  is  to  be  evaporated  to  a  syrup  and  then  precipitated  with  absolute 
alcohol.  The  precipitate  is  to  be  dissolved  in  hot  water,  and  three  to  four 
times  the  volume  of  the  latter  of  alcohol  (1)0  per  cent.)  added;  ether  is  next 
poured  in  until  a  turbidity  is  produced,  and  then  the  mixture  is  left  for  the  inosit 
to  crystallize  out. 

3.  It  is  readily  prepared  from  French  beans.  A  watery  extract  is  made, 
which  is  evaporated  down  to  a  syrup  an<i  then  precipitated  with  alcohol ;  the 
precipitate  is  dissolved  in  water,  and  the  inosit  allowed  to  separate  by  crystalli- 
zation (Vohl). 

Properties. — Forms  large,  colorless,  efflorescent,  monoclinic  tables, 
or  fine  elinorhorabic  prisms,  generally  grouped  in  rosettes.     From  its 

solution  in  boiling  spirit  it  crystallizes  in 
brilliant  little  lamelUie  somewhat  like 
those  of  cholesterin.  It  has  a  sweet 
taste,  and  is  easily  soluble  in  water,  but 
insoluble  in  absolute  alcohol  and  ether. 

When    compared   with   other   sugars 

many  of  its  properties  are  negative,  thus : 

it  is  not  decomposed  by  caustic  alkalies 

Fi«.  i4.-c'RYSTALs  OF  ln(«>it.  or  by  weak  acids;    it  has  no  polarizing 

action  on  light,  neither  does  it  ferment 
nor  reduce  metallic  oxides;  it  gives  no  change  of  color  when  boiled 
with  caustic  potash,  and  no  reduction  of  copper  with  caustic  potash 
and  cupric  sulphate.  Although  incapable  of  alcoholic  fermentation  it 
undergoes  lactose  fermentation  when  in  contact  with  putrid  cheese  or 
decaying  animal  tissues  and  chalk,  yielding  fermentation  or  sarcolactic 
(Hiloek),  butyric,  and  carbonic  acids. 

It  is  precipitated  from  its  solutions  by  basic  lead  acetate  and  ammonia. 
Tests. — 1.  Evaporate  a  little  of  its  solution  containing  a  few  drops 
of  nitric  acid  nearly  to  dryness  on  a  platinum  dish ;  treat  the  residue 
with  a  little  ammonia  and  calcium  chloride,  and  evaporate  to  dryness 
at  a  gentle  heat:  a  bright  rosy  red  or  violet  color  is  produced  (Scherer). 
The  reaction  is  delicate,  but  it  only  succeeds  w^ith  pure  solutions. 

2.  Add  a  drop  of  silver  nitrate  to  a  solution  of  the  inosit  in  a  por- 
celain dish,  and  a  yellow  precipitjite  is  formed.  Spread  this  out  cure- 
fully  on  the  sides  of  the  dish  and  heat  gently,  when  it  will  become 
dark  red  or  rose-colored;  on  cooling  the  color  disappears.  Albumen, 
tyrosin,  and  sugar  must  be  absent  (Gallois). 


CHAPTER  XV. 

FATS. 

Constitution. — Fat  is  generally  a  mixture  of  the  neutral  fats  stearin, 
palmitin,  and  olein,  the  two  former  of  which,  being  solid  at  ordinary 
temperatures,  are  held  in  solution  by  the  olein  at  the  temperature  of 


Infant. 

Adult. 

6775 

89-80 

28-97 

816 

3-28 

284  (Langer). 
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the  body.  These  fats,  as  we  have  seen  in  a  previous  chapter,  are 
derivatives  of  the  triatomic  alcohol  glycerin,  and  may  be  regarded  as 
organic  salts  of  glyceryl,  glycerides,  or,  as  they  are  termed,  compound 
or  glycerin  ethers  of  palraitin,  stearin,  and  olein,  in  which  the  hydro- 
gen atoms  of  the  glycerin  are  replaced  by  an  equivalent  of  the  acid 
radical.  In  the  fat  stored  up  in  or  about  the  internal  organs  as  well 
as  in  the  fat  of  marrow  there  is  not  so  much  olein  as  in  the  subcuta- 
neous fat. 

In  the  infant  body  the  fatty  tissues  are  firm  and  hard,  and  the  fat 
forms  a  homogeneous,  white,  solid  mass,  melting  at  45° ;  it  contains 
more  stearic  and  palmitic  acids  and  less  oleic  acid  than  adult  fat. 

Oleic      acid        .... 
Palmitic "  .... 

Stearic     **  .... 

Traces  of  free  fatty  acids  has  also  been  found  in  human  fat  by 
HoFMANN,  and  as  to  vegetable  fats  KOnk;  and  Becke  conclude,  from 
their  glycerol  determinations,  that  they  consist  essentially  of  free  fatty 
acids. 

Adipose  tissue  is  made  of  little  rounded  or  polygonal  cells  filled 
with  fat.  These  cells  generally  lie  in  groups,  and  are  always  in  close 
relationship  with  the  blood  vessels.  The  fat  in  the  cell  is  not  solid 
during  life,  and  the  radiated  fine  crystalline  needles  or  thin  plates 
occasionally  present  are  most  probably  post  mortem  in  their  appearance. 
These  crystals  used  to  be  described  as  margnrin^  but  they  are  really  a 
combination  of  stearin  and  palmitin.  The  fat  may  also  be  found  in  a 
state  of  solution,  fine  subdivision,  or  admixture  with  other  tissues  or 
fluids  throughout  the  body. 

PALMITIH',  C^HjfCigHjjC^  is  more  abundant  than  stearin  in  human 
fat,  and  is  the  chief  component  of  most  animal  fats,  although  it  also  occurs 
lai^ely  in  vegetable  fats.  It  is  more  soluble  than  stearin  in  alcohol  and  ether, 
but  it  is  only  slightly  soluble  in  cold  alcohol.  It  crystallizes  in  fine  needles,  and 
three  points  of  fusion  are  ascribed  to  it,  4()°,  61°,  and  028°  (DrFFV). 

It  is  readily  prepared  by  digesting  pahn  oil  repeatedly  with  alcohol,  dis- 
solving up  the  residue  in  ether,  and  rei>eat<idly  crystallizing  therefrom. 

STEAEIN,  C^H^CCi.ir^O,).,,  is  the  hardest  fat  of  the  body,  and  also  the 
least  soluble  or  fusible.  It  is  nearly  insoluble  in  cold  ether,  and,  owing  to  this 
property,  it  is  possible  to  obtain  pure  stearin  from  suet,  in  which  it  is  abun- 
dant, by  filtering  the  melted  suet  and  extracting  it  repeatedly  with  cold  ether 
before  dissolving  in  hot  ether,  from  which  it  crystalHzes  out,  on  co(»ling,  in 
little  mother-of-pearl-like  leaflets.  Although  never  found  in  vegetable  fat  it 
occurs  in  most  animal  fats  to  a  greater  or  less  extent.  It  crystallizes  from  its 
boiling  alcoholic  solutions  in  brilliant  quadrangular  plates.  St^iarin  melts  at 
08°  to  6G°,  according  to  Heintz  there  being  two  points  of  fusion,  55°  and 
71*G°;  but  the  melting  point  varies  considerably,  being  aff*ected  by  the  appli- 
cation of  a  high  temperature;  and  it  is  probable  there  are  three  isomeric 
modifications  of  it,  each  with  its  own  melting  point,  52°,  63°,  and  66°. 

OLEIH',  0^ll^{C^^\i^O^\  is  a  fluid,  colorless  oil  that  becomes  yellowish 
when  exposed  to  the  air,  and  is  the  fluid  constituent  of  most  natural  fats  and 
fixed  oils,  dissolving  palmitin  and  stearin  in  great  quantity.  It  is  more  abun- 
dant in  Vegetable  than  in  animal  fats,  and  according  to  some  authorities  it 
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exists  in  smaller  proporttoa  in  human  fat  than  Ls  generally  stated.  It  can 
easily  be  obluiiietl  from  olive  oil,  from  which  the  palniitin  has  already  been  in 
great  part  separated  by  cooling  the  oil  down  to  0",  then  dissolving  the  fluid 
residue  in  alcrtbol  and  cooling  once  again  to  0°,  when  the  rest  of  the  pal- 
mitin  crystallizes  out;  uon  dilute  the  alcoholic  filtrate  with  water,  and  the 
triolein  will  separate. 

General  Properties.— The  fatty  bodies  are  in  part  liquid  snd  in  part  crys- 
talline at  ordinary  temperatures;  they  are  insoluble  in  water  and  cold  alcohol, 
but  readily  soluble  in  boiling  alcohol,  also  in  ether,  chloroform,  benzol,  bi- 
sulphide of  carbon,  and  the  essentia!  oils;  they  are  slightly  soluble  in  solutions 
of  soaps,  albumens,  and  biliary  acids.  Dropped  on  paper  they  render  it  trans- 
parent, especially  when  heated.  They  are  readily  decomposed  by  superheated 
steam  under  a  high  pressure,  also  by  the  action  of  boiling  caustic  alkalies,  as 
soda  or  potash,  being  tupontfied,  as  it  is  termed,  and  with  ammonia  forming 
ammonia  soaps  or  linimeiift;  the  oxides  of  the  heavy  metals  likewise  decompose 
them  in  a  similar  wny,  with  the  formation  otpl'ulers.  When  strongly  heated 
they  discDgagc  a  characleristic  penetrating  odor,  very  irritating  to  the  mucous 
membrane  of  the  nose  and  eyes,  and  due  to  the  formation  of  acrolein,  and  at  a 
red  heat  they  evolve  a  mixture  of  gases,  the  chief  of  which  are  carbonic  oiide, 
hydrogen,  marsh  gas,  and  olefiant  gas.  They  decompose  slowly  in  contact  with 
the  air  and  become  rancid.  In  the  process  of  di"cstioD  they  are  subjected  lo 
the  processes  of  saponification  and  emulsion.  In  the  latter  the  fat  is  broken  up 
into  fine  drops,  each  of  which  Ls  invested  with  a  thin  albuminous  coating,  and 
thus  maintained  apart.  The  phosphate  of  soda  present  in  bile  is  regarded  hy 
TnuncHUM  as  influential  in  the  production  of  the  emulsion  in  digestion. 

"OTigin  and  Source  of  the  Fats  in  the  Organism. — Part  of  the  fats  is 
absorhcii  n3  such  in  the  intestine,  and  enters  the  capillaries  in  the  form  of 
scarcely  sajionified  glyeerides,  tliat  are  subsequently  transformed  into 
alkaline  soaps.  But  they  also  arise  in  the  body  at  the  expense  of  the 
albuminoids.  It  seems  doubtful  wlLctlier  any  of  the  fat  is  deriveil 
directly  from  the  sugar  absorbed,  though  this  is  asserted;  but  it  is 
probable  that  the  accumulation  of  fats  occurring  on  a  mixed  diet  rich  in 
sugar  is  due  not  to  the  conversion  of  the  sugar  into  fat,  but  rather  to  the 
protection  thus  afforded  against  the  oxidation  of  the  fats.  That,  how- 
evei",  a  large  proportion  of  the  fat  of  fattened  animals  is  not  deriveil 
from  ingesteil  fat,  but  directly  or  indirectly  from  the  carbohydrates  as 
well  as  the  uitTOgenous  elements  of  the  food,  particularly  when  the  lat- 
ter are  in  excess,  seems  most  probable,  and  there  is  no  doubt  but  that  a 
combination  of  nitrogenous  food  and  saline  matter,  together  with  carbo- 
hydrates, conduces  most  to  the  production  of  fat  in  the  organism. 

From  experiments  upon  geese  B.  Schi'lze  concludes  that,  as  the 
fiit  formed  was  some  20  per  rent,  in  excess  of  what  could  be  produced 
by  the  conversion  of  the  nitrogenous  matter  of  the  food,  the  carhoh 
dratea,  under  certain  conditions,  play  a  distinct  pnrt  in  the  formation 
fat  in  the  carnivora  and  herbivora. 

When  a  proteid  is  broken  up  vfc  know  that  one  of  ils  derivatives  is 
urea,  100  grams  of  this  body  containing  as  much  nitiTogirti  a^  300  graniN 
of  the  proteid;  itiit  in  jidiiih..!:  ;■.  iln-  -1.,  r-  i-  ,i  l.'.r-.-  rv.'.-s -F  ■  ,uK„  . 
etc.,  to  be  di.spo.-'e'i  111',  and  i;  :'i   ■     .!■   ■  i   ,■■'-■  ■     ■ 

to  the  formation  of  fiil  if  imi   .i -  i-    ■■  i i.^    ■  i  ■      .  _  ■: 

Thus  VoiT  reckoned  that  UfO  [larus  tu i-.n,,.;!   ".  '  I-. 
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and  40-08  parts  fat,  while  Henneberg  gives  it  as  51*39  per  cent,  fat, 
33'4  per  cent,  urea,  and  27*4  per  cent,  carbonic  anhydride.  According 
to  RuBNER,  for  every  43 '3  grams  fat  100  grams  nitrogenous  matter 
have  been  destroyed. 

The  assigned  sources  are  therefore:  1.  The  fat  of  the  food  absorbed 
as  siwhy  although  this  accounts  for  but  a  small  proportion  of  the  stored 
up  fats,  some  authorities  even  being  of  opinion  that  all  the  fat  taken  in 
the  food  is  directly  disposed  of.  2.  Some  is  also  derived /row  the  carbo- 
hydrates, a  partial  convertion  of  which  into  fats  occurs  in  the  butyric 
acid  fermentation  in  the  intestine.  3.  But  the  great  source  seems  to  be 
found  in  the  proteids,  although  an  exclusively  proteid  diet,  from  the  in- 
creased activity  of  the  organic  processes,  does  not  tend  to  cause  an 
accumulation  of  fat,  rather,  indeed,  the  contrary;  but  it  has  at  least 
been  satisfactorily  proved  that  fat  may  be  derived  exclusively  from  this 
source. 

It  should  also  be  remembered  that  the  constitution  of  the  fat  of  the 
body  does  not  appear  to  be  modified  by  the  nature  of  the  food;  for  if 
an  animal  is  starved,  and  then  largely  fed  on  palmitin,  olein,  and  lean 
meat,  yet  stearin  will  make  its  appearance  in  the  body  fat  (Subbotix). 

Destination  of  the  Digested  Fats. — The  fats  that  are  not  stored  up, 
or  taken  up  by  the  tissues  requiring  them,  disappear  probably  by  direct 
oxidation,  being  ultimately  transformed  into  water  and  carbonic  acid, 
and  evolving  much  heat  in  the  process. 

Distribution  of  Fat  in  the  Body.— Fat  is  one  of  the  most  fluctuating 
constituents  of  the  organism.  In  the  normal  condition  it  is  pretty 
generally  distributed  throughout  the  body,  and  it  frequently  makes  its 
appearance  as  a  degeneration  product  of  many  of  the  tissues.  Besides 
being  enclosed  in  the  cells  of  adipose  tissue,  over  83  per  cent,  of  which 
consists  of  fat,  it  is  also  found  free,  being  met  with  in  this  condition  in 
the  chyle,  blood,  lymph,  milk,  etc.  Its  proportions  in  some  of  the  tissues 
is  indicated  in  the  following  table: — 

Per  cent. 

Yellow  marrow  of  bones 960 

Adipose  tissue ...        82"7 

Brain  (Fbemy)  5-80 

Muscle  (Bibka) 1-5-4-24 

Chyle  (Liebig) 2-2 18 

Healthy  liver  (Boudet) 177 

Bone 1*4 

Cartilage 13 

Blood  (Lecanu) 0-5-016 

Lymph 0-26-005 

Tests  for  the  Presence  of  Fats  or  Fatty  Acids.— 1.  Wash  out  a  beaker 
or  wineglass  very  carefully  with  caustic  potash,  and  then  with  some  boiling 
alcohol  or  with  ether,  and  afterwards  rinse  it  thoroughly  with  water;  now  place 
it  in  a  shallow  saucer,  and  fill  the  beaker  or  wineglass  to  overflowing  with  dis- 
tilled water.  A  small  bit  of  camphor,  detached  from  the  middle  of  a  freshly 
broken  lump  with  the  point  of  a  knife,  which  has  been  washed  in  ether,  is  next 
placed  on  the  surface  of  the  water,  when  it  will  be  seen  to  rotate  and  move 
rapidly  about — a  movement,  however,  that  will  immediately  cease  when  the 
slightest  trace  of  oil  or  fat  is  brought  in  contact  with  it  or  with  the  surface  of 
the  water. 
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2.  The  presence  of  a  free  fatty  acid  is  shown  by  warming  the  solation  con- 
taining it  with  a  little  rosanilin  hydrochloride  solution,  when  a  dark  red  to  a 
reddish  black  color  makes  its  appearance. 

Detection  of  Fat  in  a  Mixture.— When  only  a  small  amount  of  fat  is 
present  in  d  mixture  it  is  best  to  evaporate  it  nearly  to  dryness  on  a  water  bath, 
and  to  digest  the  residue  with  a  little  warm  ether.  The  ethereal  solution  is 
evaporated,  when  the  fat  will  be  deposited,  and  if  this  is  done  on  a  glass  slide 
very  minute  traces  may  be  discovered  under  the  raicrascope,  and  the  particles 
may  be  seen  to  be  immiscible  with  water,  and  to  break  up  into  minute  globules 
when  rubbed  with  a  drop  of  hot  water,  also  to  dissolve  in  warm  caustic  potash, 
and  to  produce  acrolein  at  a  high  temperature. 

In  the  case  of  solids  dry  them  thoroughly,  reduce  them  to  powder  if  pos- 
sible, and  then  exhaust  with  ether  as  above ;  filter  the  ethereal  extract  into  a 
flask,  and  having  added  to  the  filtrate  some  caustic  soda  shake  well.  Any  free 
fatty  acids  are  converted  into  salts  of  soda,  which  dissolve  in  water,  while  the 
neutral  fat  remains  dissolved  in  the  supernatant  ether.  Decant  the  latter  with 
a  pipette  and  wann  the  watery  solution  on  a  water  bath ;  then  supersaturate 
with  hydrochloric  acid,  which  precipitates  the  fatty  acids.  Dissolve  up  the 
precipitate  in  alcohol,  and  treat  the  Solution  with  an  alcoholic  solution  of  neutral 
acetate  of  lead.  The  precipitate  digested  with  boiling  ether  gives  up  oleato  of 
lead,  while  the  palmitate  and  stearate  remain  undissolved;  but  the  residue, 
when  decomposed  with  hydrochloric  acid  and  treated  with  boiling  alcohol,  yields 
free  palmitic  and  stearic  acids. 

Determination  and  Separation  of  Fat— The  tissue,  finely  divided,  is 
exhausted  with  boiling  ether,  and  the  ethereal  solution  is  evaporated  to  dryness 
in  a  tared  capsule,  whose  increase  in  weight  gives  the  total  fat.  Dreschel's 
apparatus  is  very  convenient  for  this  purpose.  The  upper  flask,  which  is  fitted 
to  the  lower  one,  is  in  connection  with  a  Liebig's  condenser,  and  contains  on  a 
fluted  filter  the  finely  divided  solid  from  which  the  fat  is  to  be  extracted.  In  the 
lower  flask  is  the  ether,  whose  vapors  are  condensed  in  the  Liebio's  apparatus, 
and  in  their  way  back  pass  through  the  upper  flask.  A  constant  circulation 
is  thus  maintained,  and  tlie  dissolved  fats  gradually  accumulate  in  the  lower  flask. 


CHAPTER  XVI. 

PROTEIDS  OR  ALBUMINOIDS. 

It  has  been  proposed  to  define  proteids  to  be  nitrogenized  colloids, 
which  by  hydration  split  up  into  amidated  acids,  carbonic  acid,  and 
ammonia  (Giumaux).  These  bodies,  which  chiefly  include  the  al- 
bumens, are  the  most  essential  to  any  dietary.  When  assimilated  they 
are  gradually  decomposed  into  simpler  compounds,  that  are  burnt  up 
in  the  economy,  passing  through  a  series  of  transformations,  of  which 
the  final  products  are  water,  carbonic  anhydride,  and  urea. 

Where  found. — These  bodies  form  the  important  solid  constituents 
of  the  blood,  nerve,  muscle,  glands,  and  organs  generally  of  the  body ; 
they  also  constitute  more  than  half  the  solids  of  the  gray  matter  of 
the  nerve  centres,  and  about  a  fourth  of  the  solids  of  the  white  matter 
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of  the  same:  they  form,  in  fact,  in  combination  with  much  water,  and 
associated  with  certain  acids,  bases,  and  salts,  the  chief  mass  of  the 
animal  tissues.  In  all  protoplasms  there  appears  to  exist  a  vitellin-  as 
well  as  a  myosin-like  body  (Rovida). 

In  the  normal  state  such  fluids  as  urine,  bile,  and  tears  should  be 
devoid  of  them. 

The  albumens  seem  to  exist  in  a  special  state  of  hydration,  apt  to 
be  modified  very  rapidly  and  unceasingly  under  the  influence  of  vari- 
ations in  the  salts  dissolved  in  the. different  fluids  of  the  economy 
(Gautier). 

General  Characters. — These  albuminous  bodies  are  white,  flaky,  or 
granular,  and  mostly  amorphous,  and  accordingly  difficult  to  o1>tain 
pure ;  they  are  colloidal — that  is,  they  are  not  diffusible  through  parch- 
ment paper,  and  their  aqueous  solutions  polarize  to  the  left,  the  amount, 
except  in  the  case  of  peptones,  being  altered  by  heat.  Proteid  crystals 
have  been  met  with  in  white  of  egg,  semen,  and  in  seeds  of  plants,  etc., 
and  it  is  also  possible  under  certain  circumstances  to  cause  proteids  to 
crystallize  (Dreschel).  Some  of  these  albuminoids  are  soluble  and 
others  insoluble  in  water;  they  are  soluble  also  in  mineral  acids  and 
the  caustic  alkalies,  but  are  almost  insoluble  in  alcohol  and  ether.  They 
can  all  become  insoluble,  either  spontaneously,  as  fibrin  and  myosin^  or 
after  the  action  of  heat,  as  egg-  and  serum-albumen^  or  under  the  in- 
fluence of  weak  acids,  as  casein  They  also  all  yield  an  apparently 
identical  substance,  syntonin^  which  is  soluble  in  water  containing  acid 
or  alkali,  but  insoluble  in  neutral  liquids ;  and  under  the  influence  of 
gastric  juice  they  are  capable  of  generating  peptones — bodies  that  are 
readily  assimilable  and  highly  nutritious. 

When  heated  they  do  not  volatilize,  but  when  burnt  they  give  off* 
empyreumatic  products  having  the  odor  of  burnt  horn ;  they  likewise 
putrefy  rapidly  when  exposed  to  the  air.  Their  solutions  polarize  to 
'  the  left,  the  amount  being  altered  by  heat. 

Composition,  Constitution,  and  FormulsB  of  Different  Albumens.— 
Analyses  of  albumens  indicate  such  a  percentage  composition  as  the 
following  (WuRTz) : — 

C 52-7  to  54-5 

H 6-9  "     7-3 

N 15-4  "  17-0 

O     .     .          .                    200  "  23-5 

S 0-8  "     2-2 

Crystalline  albumen  from  hemp  seed  and  ricinus  seed  gave  the  ac- 
companying nearly  identical  numbers  (Ritthausen): — 

Hemp.  Ricinus. 

Per  cent.  Per  cent. 

C 50-98  50*88 

H     .          .     . 692  6-98 

N 18-73  18-58 

O 22-55  22-79 

S 0-82  0-77 

Albumens  also  contain  normally  a  small  proportion  of  lime,  that  can 
only  be  obtained  by  incineration  and  is  not  removable  by  acids. 
7 


98 


NUTRITION   AND   FOODS. 


According  to  Sghutzenberoer,  albumeD  is  a  complex  ureidc — a  derivative 
of  urea  and  oxamid,  and  containing  i  its  nitrogen  in  the  form  of  urea — and 
possibly  it  may  be  regarded  as  a  complex  combination  containing  amidated 
acids  united  to  an  acid  x  (C^H^NO^)  minus  the  elements  of  water.  It  decom- 
poses into  ammonia,  carbonic  anhydride,  oxalic  and  acetic  acids,  and  a  nitro- 
genous residue  from  which  the  amidated  acids,  etc.,  are  derived.  Liebig  and 
Geruardt  considered  albuminoid  bodies  to  be  isomeric — that  is,  of  the  same 
composition,  but  differing  in  their  molecular  arrangements — while  Eischwald 
regarded  them  as  formed  of  one  and  the  same  substance,  modified  by  combining 
with  colloids  and  crystalloids. 

As  to  formitlsej  they  are  untrustworthy  and  purely  empirical.  Lieber- 
KUHN  assigns  albumen  the  formula  C^Hji^Nj^OjjS,  to  its  monatomic  metaUic 
combinations  C^^HjjjR'NjgSO.^^,  and  its  diatomic  Ci^H2j2R"N3jS20^,  R  indicat- 
ing the  metal.     LoEW  gives  it  as  C^H^^^NjgOjjjS,  while  SchCtzenberger 

r  lises  the  numbers  to  C.,^o ^392 ^63^75^3- 

The  percentage  composition  of  some  of  these  proteids  is  given  in  the  sub- 
joined list: — 


H 


n 


o 


s 


Authority. 


Albumen  (of  egg)  . 

Gluten 

Syntonin  (of  muscle) 

Casein  (of  milk) 

Fibrin  (of  blood) 

Vitellin  (of  yolk)     . 

Haemoglobin 


529 

7-2 

156 

23-9 

0-4 

535 

7-5 

14-6 

24-4 

5406 

7-28 

1605 

21-5 

111 

53-5 

71 

15-8 

22-7 

0-9 

52-7 

70 

16*6 

22-2 

1-5 

52-3 

73 

151 

241 

1-2 

53-85 

7-3 

1617 

22-3 

0-39 

WuRTZ  and  Mitldeb. 

RiTTHAUSEN. 

Liebig. 

Dumas,  Verdeil. 
Dumas,  Rullino. 
Gobley. 

Fe^rO-43,  HOPPE  Sey- 
leb. 


Combinations. — Albumen  forms  a  series  of  definite  combinations 
with  acids,  as  C72H„,Ni8022S  +  2IIC1  and  Cysrtn^NisOjgS  +  H^SO^. 
LoEW  describes  a  series  of  combinations  with  nitric  acid,  etc.,  of  which 
the  trinitro-albumen  is  an  example:  C72Hio5(N02)3NigS022. 

It  also  combines  with  bases,  as  C.2Hii2Ni3S022-f-K20;  but  it  must 
be  confessed  that  the  true  constitution  and  molecular  weight  of  such 
bodies  are  as  yet  only  imperfectly  known. 

Derivatives. — Almost  all  proteids  furnish  certain  derivative  amides, 
named  leucin  and  tyrosin.  When  100  parts  of  a  dry  proteid  are  boiled 
for  several  hours  wMth  an  excess  of  sulphuric  acid  diluted  with  one  and 
a  half  time  its  weight  of  water,  leucin  and  tyrosin  will  be  furnished  in 
the  following  proportions : — 


LeuciD. 

Tyrosin. 

Albumen  of  egg 

.     10 

1 

Syntonin  of  muscle 

.     18 

1 

Fibrin  of  blood 

.     14 

0-8 

Horn 

.     10 

3-6 

Elastic  tissue 

.     36-45 

0-25 

Other  important  derivatives  are  glycocin  (C2H5NO2),  aspartic  acid 
(C4H.NO4),  and  glutamic  acid  (C5II9NO4).  All  proteids,  when  boiled 
with  dilute  sulphuric  or  hydrochloric  acid  and  a  little  stannous  chloride, 
are  exactly  resolved  into  aspartic  and  glutamic  acids,  leucin,  tyrosin, 
and  ammonia,  and  may  therefore  be  regarded  as  formed  by  the  com- 
bination of  these  bodies  with  elimination  of  water  (Hlasiwetz  and 
IIabermann). 
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As  the  result  of  their  final  oxidation  in  the  body  albumens  yield 

water,  carbonic  anhydride  (COj),  and  urea   (CO|^Tf^)-      What  the 

intermediate  products  may  be  we  do  not  yet  know,  though  we  are 
familiar  with  some  of  them,  such  as  leucin  and  tyrosin,  as  well  as  such 
c«arbohydrates  as  glycogen  (CgHjoO^),  and  fats.  The  term  metabolism, 
it  may  be  said,  is  applied  to  such  a  series  of  chemical  transformations 
as  a  body  like  albumen  undergoes  in  its  passage  through  the  organism. 

Wlien  heated  with  water  and  bromine  under  pressure,  albumen 
furnishes  bromanilin  (1*5  per  cent.)  and  tribromacetic  acid  (22  per  cent.), 
both  secondary  tyrosin  products;  also  bromoform  (30  per  cent.),  oxalic 
acid  (12  per  cent.),  aspartic  acid  (238  per  cent.),  and  leucin  (22-6  per 
cent.),  etc.,  etc. 

On  exposure  to  the  air  these  albuminoids  putrefy  readily,  fine 
granulations  developing  in  their  interior,  which  change  into  vibrios, 
oxygen  at  the  same  time  being  absorbed,  carbonic  anhydride,  nitrogen, 
hydrogen,  sulphuretted  hydrogen,  ammonia,  etc.,  being  disengaged, 
and  a  series  of  simple  bodies,  such  as  leucin,  fatty  acids,  and  tyrosin, 
being  formed.  As  Pasteur  has  shown,  these  little  organisms,  which 
are  the  excitants  of  all  fermentative  and  putrefactive  processes,  are 
derived  from  the  air,  and  require  a  certiiin  supply  of  oxygen  for  their 
development:  accordingly,  if  they  are  excluded,  destroyed,  or  deprived 
of  the  supply  of  oxygen  necessary  for  the  manifestation  of  their  pro- 
perties, then  even  such  an  unstable  body  as  albumen  may  be  long  pre- 
served unchanged.  The  most  important  fermentation  of  albuminoid 
matter  is  occasioned  by  bacterium  termo^  and  it  is  this  bacterium  that 
in<luces  the  decay  of  all  organic  matter  (Marpmann). 

Stated  generally,  we  may  thus  sum  up  some  of  the  albumen  derivatives : 
albuminates^  by  the  action  of  acids  and  alkalies;  coagulated  albumen^  by 
boiling  its  solutions  or  by  the  prolonged  action  of  alcohol;  peptone^  by  the 
action  of  pepsin  in  presence  of  a  dilute  acid,  which,  when  trypsin  and  a  dilute 
alkali  are  used  instead  of  the  acid  pepsin,  partly  splits  up  into  leucin  and 
tyrosin.  When  a  mixture  of  albumen  and  pancreas  is  allowed  to  decompose, 
tndol,  skafoly  plienol,  butyric  and  valerianic  acids,  leucin  and  tyrosin  appear. 
Early  in  the  decomposition,  before  indol  shows  itself,  hypoxanthin  is  formed. 

Most  of  the  immediate  decomposition  products  of  albumen,  then,  arc  amides, 
or  bodies  that  may  be  regarded  as  derivatives  of  one  or  more  molecules  of  an 
ammoniacal  salt:  thus  we  have  glycocin  and  leucin ;  amides  wifeh  aromatic  radi- 
cal, as  tyrosin ;  and  sulphamides,  like  cystin ;  as  well  as  acids  and  aldehydes 
corresponding  to  the  preceding  amides.  Sometimes  the  derivative  contains 
sulphur  in  place  of  one  of  the  other  elements.     In  taurin  or  isethionamide  the 

(  C  H  OH 
sulphur  is  combined  with  oxygen,  SO.^  1   i^R*        >  while  in  cystin  it  replaces 

'     (OH 

the  oxygen  and  saturates  the  carbon,  (CgH^S)'"  -,  OH  . 

Certain  proteid  derivatives,  such  a»  protagon  and  lecithin,  contain  phos- 
phorus, this  element  playing  the  same  part  as  in  phosphoric  acid  (HgPO^^^ 

PO  \  OH    .     Glycero-phosphoric  acid,  for  example,  one  of  the  decomposition 

(OH/  OH 

products  of  protagon  and  lecithin,  may  be  thus  expressed :  PO  OH 
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a.  Among  these  decomposition  products  at  letist  three  aromattc  groups  tnt 
present : — 

1.  The  phenol  grovp — tyrosin,  the  aromatic  oxyacidfe,  phenol,  and  krcsol. 
The  tjrosin  does  not  appear  as  such  in  normal  urine,  but  its  decomposition 
products  present  themselves. 

2.  The  phenyl  group,  as  phenylacetic  and  phenylpropionic  acids.  The  lat- 
ter is  oxidized  to  the  state  of  benzoic  acid,  and  appears  in  the  urine  as  hippuric 
acid  (Salkowski). 

3.  The  indol  gronp^  as  indol  and  skatol.  In  an  oxidized  form,  and  com- 
bined with  sulphuric  acid,  these  two  bodies  appear  as  indican  and  skatoxyl- 
sulphate. 

f3.  As  well  (18  (I  group  belonging  to  the  fatty  series,  and  including  such 
bodies  as  leucin,  aspartic  acid,  and  hypoxanthin. 

Origin,  Destination,  and  Theories  as  to  the  Terminal  Prodncts  of 
the  Decomposition  of  Albumen. — Under  the  influence  of  the  solar  rays 
plants  decompose  the  carbonic  anhydride  in  the  atmosphere,  evolving 
the  resulting  oxygen  and  fixing  the  carbon.  A  series  of  other  reactions 
also  occur  in  the  plant  in  which  higher  and  more  complicated  bodies  are 
formed  at  the  expense  of  simpler  bodies,  such  as  water,  ammonia,  and 
the  like.  While  we  may  theorize  as  to  the  general  nature  and  direction 
of  these  reactions  we  are  as  yet  ignorant  as  to  their  exact  character  or 
their  order  of  succession.  But,  as  their  result,  in  the  laboratory  of  the 
plant  from  simple  bodies  spring  bodies  of  more  complex  constitution, 
until  we  arrive  at  the  albumens,  in  which  is  stored  up  the  great  amount 
of  energy  expended  in  their  elaboration. 

These  vegetable  albumens  are  subjected  to  certain  changes  in  the 
stomachs  of  the  animals  feeding  upon  them,  by  which  somewhat  simpler 
bodies,  capable  of  dialysis,  are  formed.  To  these  so-called  peptones 
Thiry  gives  the  composition  C=:15-34,  H=:7-25,  N=16-18,  S=2a2, 
0  and  P=:23'll,  which  would  seem  to  indicate  that  a  substance  of  the 
nature  of  leucin  had  been  separated. 

When  absorbed  as  peptones  or  albuminates,  and  thus  introduced  into  the 
blood,  probably  some  combination  occurs  between  these  bodies  and  the  alkalies 
and  salts  of  the  plasma,  and  in  this  condition  possibly  the  tissues  requiring  al- 
bumen are  nourished.  Some  of  the  absorbed  substance  unites  with  new  elements 
to  form  haemoglobin,  but  the  greater  part  undergoes  retrograde  metamorphosis, 
passing  from  a  complex  condition  to  a  series  of  simple  combinations,  and  evolv- 
ing its  energy  in  doing  so.  Fats,  glycogen,  mucin,  and  the  collagens  generally 
probably  result  from  some  of  these  alterations.  Early  derivatives  are  possibly 
asparagin  and  kreatin,  bodies  that  are  closely  allied: 

Asparagin C4HkN.,0j, 

Kreatin C4H9N3O.,. 

Guanidin  also  has  been  obtained  as  an  oxidation  product  (Lossen).  The  dif- 
ferent changes  are  gradual  and  progressive.  This  is  well  seen  in  the  bodies 
sarkin,  xanthin,  and  uric  acid,  which  afford  a  marked  example  of  this  successive 
oxidation : 

Sarkin CjH.N^O 

Xanthin .    C5H4NA 

Uric  acid C5H4N4O3. 
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The  sarkin,  which  is  one  of  the  higher  albuminoid  derivatives,  in  being 
oxidized  gives  rise  in  succession  to  xanthin  and  uric  acid;  and  we  may  trace  the 
decomposition  still  further,  as  shown  in  these  reactions : — 

CjH.NA-  H,0  i  O    C^HftN.Og  i  CO, 

(Uric  acid.)  (Allantoin.) 

C^HgNA^  2H,0  10  =C2H,0|  ^  2C0N..H, 

(AlUntoiu.)  (Oxalic  acid.)    (Urea.) 

C2HA+O  -=2C0,+  H,0 

(Oxalic  acid.) 

From  sarkin  we  thus  come  by  gradual  stages  to  its  final  decomposition  pro- 
ducts, urea,  carbonic  acid,  and  water. 

Kreatin,  xanthin,  hypoxanthin,  and  the  biliary  acids  are  all  generally  re- 
garded as  decomposition  products  of  the  albumens;  but  as  to  the  kreatin,  which 
is  so  generally  distributed  through  the  organism,  being  a  direct  predecessor  of 
urea,  there  is  still  some  doubt. 

According  to  Schultzen  and  Nencki,  albumen  is  decomposed  into  certain 
bodies  belonging  to  the  amido-acid  series  which  pass  into  urea,  while  the  non- 
nitrogenous  part  of  the  albumen  may  pass  into  the  fatty  series.  They  were 
further  of  opinion,  in  which  they  are  supported  by  Hoppe  Seyler  and  Sal- 
KOWSKI,  that  in  the  passage  from  albumen  to  ureacyanamid  is  probably  formed. 
Under  the  influence  of  strong  acids  and  alkalies  albumen  gives  rise  to  leucin 
(amido-caproic  acid,  CgH^NO.^),  aspartic  acid  [amido-succinic  acid,  C^H^NO^ 
or  C.^H3(NHj)(C0.0H).J,  tyrosin,  Cj,H,jNO.„  and  glycocin  (araido-aceticacid, 
C2HJNO,).  Somewhat  similar  substances  are  obtained  by  the  prolonged  action 
of  trypsin  on  albumen  or  gelatin. 

ScHMiEDEBERG  is  of  Opinion  that  the  nitrogen  of  the  albumen  passes  out  as 
ammonic  carbonate,  and  that  this,  by  the  removal  of  water,  forms  urea. 
Danilewsky  has  obtained  a  crystalline  compound  having  the  composition 
C,„H.^N20^  on  subjecting  peptone,  egg  albumen,  etc.,  to  the  continued  action  of 
pancreas  ferment.  In  its  chemical  reactions  it  partakes  of  the  properties  of 
both  tyrosin  and  inosit,  but  it  has  a  less  stability  than  either  of  these  bodies. 

Dreschel  supports  the  view  that  the  amido-acids  pass  over  into  carbamic 
acid,  two  molecules  of  which  form  urea : 


^^^  {  oh'  -  ^^  {  nh'  ■  ^^'  ^  ^^^• 


Traces  of  this  carbamic  acid  he  discovered  in  the  blood.  Salts  of  carbamic  acid, 
he  also  finds,  are  formed  by  the  oxidation  of  glycocin;  and  he  considers  it 
probable  that  ammonic  carbonate  is  the  immediate  source  of  urea  by  the  removal 
of  the  elements  of  water.  In  dogs,  for  example,  it  has  been  shown  that  am- 
monic carbonate  and  acetate  are  converted  into  urea  (EIallervorden  and 
V<:»iT).  In  the  formation  of  urea  from  albuminoids  Dreschel  concludes  that 
these  bodies  are  first  resolved  into  glycocin,  tyrosin,  leucin,  etc.,  and  that  these 
in  turn  are  oxidized  into  carbamates,  that  are  finally  converted  into  urea  under 
the  influence,  possibly,  of  some  ferment. 

According  to  Cazeneuve,  the  proportions  existing  among  the  amounts  of 
uric  acid,  urea,  and  ammonia,  excreted  by  birds  are  not  influenced  by  an  increase 
or  decrease  of  oxidation,  but  he  finds  that  the  total  amount  excreted  varies  with 
the  quantity  of  nourishment  taken;  from  which  it  might  be  concluded  that  the 
albuminoid  matters  in  the  system  undergo  a  decomposition  depending  on  hydra- 
tion rather  than  on  oxidation. 
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CHAPTER  XVIL 

THE  PROTEIN  REACTIONS  AND  ALBUMEN  TESTS, 

THE  PROTEIN  REACTIONS— Protein  was  a  hypothetical  radical 
supposed  by  Mulder  to  exist  in  all  albuminoid  principles;  and  as  the 
three  following  tests  apply  to  all  such  bodies,  they  received  their  desig- 
nation accordingly. 

1.  A  blue  or  violet  coloration  is  obtained  by  adding  to  the  albuminoid 
in  solution  a  few  drops  of  sulphate  of  copper  solution,  and  then  an  excess 
of  caustic  soda.  The  violet  color  deepens  on  boiling,  but  no  other  change 
is  produced.  The  same  result  is  had  by  the  addition  of  a  few  drops  of 
Fehling's  solution.  In  the  case  of  a  solid  albuminoid,  touch  it  succes- 
sively with  the  sulphate  of  copper  and  the  caustic  soda,  and  then  wash 
the  touched  surface,  when  it  will  be  found  to  be  stained  of  a  violet  color. 
The  coloration  can  also  be  well  shown  by  shaking,  say,  a  piece  of  fibrin, 
in  some  very  dilute  solution  of  cupric  sulphate,  when  the  latter  will  be- 
come colorless,  the  fibrin  taking  a  greenish  tint,  which,  however,  becomes 
violet  when  the  fibrin  is  shaken  up  with  some  caustic  alkali  like  lime, 
or  baryta  water,  or  caustic  potash. 

2.  The  xanthoproteic  reaction^  or  yellotv  coloration^  got  by  the  action 
of  strong  boiling  nitric  acid,  which  is  changed  to  an  orange  or  amber- 
red  color,  by  the  addition  of  ammonia  to  the  liquid  when  cold. 

3.  A  rose  or  red  coloration  by  heating  with  Millon*s  reagent,  which 
is  changed  to  an  orange  by  caustic  potash.  Unless  the  solution  is  very 
dilute  a  red  precipitate  appears. 

Preparation  of  an  Albumen  Solution  for  Testing. — Take  several  ejrg-s, 
and  having  made  a  small  hole  in  each  end,  allow  the  white  to  escape  into  a 
dish,  takin<;  eare  to  let  none  of  the  yolk  escape.  With  a  pair  of  scissors  cut 
up  the  albuminous  fluid  thus  collected,  so  as  to  divide  freely  the  network  of 
fine  membranes  in  which  the  albumen  is  enclosed ;  next  stir  up  the  mass  rapidly 
with  twice  its  volume  of  water,  and  strain  throufrh  a  linen  cloth. 

The  albumen  thus  obtained  will  serve  for  testing;  but  if  it  is  requireil  pure^ 
then  the  following  method  may  be  adopted:  Shake  it  well  in  a  flask,  skim  oflf 
the  white  froth,  and  express  through  a  linen  cloth ;  add  dilute  acetic  acid  to 
the  filtrate  so  long  as  any  precipitate  is  formed,  and  filter  first  through  a  piece 
of  fine  muslin  and  then  through  filter  paper,  making  use  of  a  series  of  small 
filters  under  a  bell  jar  that  is  kept  charged  with  carbonic  acid  gas.  Then 
dialyse  the  filtrate  for  a  couple  of  days,  renewing  the  outside  water  frequently ; 
dilute  the  contents  of  the  dialyser  with  three  times  their  volume  of  water,  i)a.ss 
a  current  of  carbonic  acid  throu*rh  the  mixture,  and  filter  if  necessiirv.  But 
for  ordinary  analytical  purposes  the  dialysis  may  be  left  undone,  and  the 
filtrate  merely  neutralized  carefully  and  concentrated  somewhat  at  a  temperature 
not  higher  than  40°. 

To  j^rejxire  a  solution  of  senna  nlbumen,  which  is  the  most  fre<juent 
form  present  in  albuminous  urine,  if  the  latter  fluid  cannot  be  obtained,  then 
to  serum  of  blood  or  hydrocele  fluid  add  very  dilute  acetic  acid  with  constant 
stirring  till  a  flocculent  precipitate  is  obtained ;  filter  and  ne4irly  neutralize  the 
filtrate  with  a  dilute  solution  of  sodic  carbonate;  eva]>()rate  to  a  small  bulk  about 
40°,  then  dialyse  for  several  hours  to  se[>arate  the  salts,  and  evaporate  to  dry- 
ness at  4(»°.     A  solution  of  this  will  serve  the  purpose. 
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Although  some  observers  are  disposed  to  regard  serum  and  egg 
albumen  as  almost  identical,  yet  there  are  really  some  differences,  which 
will  be  referred  to  before  the  general  tests  for  albumen  are  given  in 
detail. 

With  dilute  solutions  it  will  be  found  that — 

1.  Egg  albumen   is   coagulated   by        Serum  albumen  not  coagulated. 

ether. 

2.  Egg  albumen  is  readily  precipi-        Serum  albumen  not   precipitated  so 

tated  by  hydrochloric  acid,  the  readily,    but    the    precipitate, 

precipitate    not    dissolving    in  when    formed,    redissolves    in 

excess.  slijrht  excess  of  the  acid. 

3.  Egg  albumen  gives  a  precipitate  Serum  albumen  j^ives  a  similar  pre- 

with  nitric  acid,  which  is  with  cipitiite,  which  is  readily  soluble 

difficulty  soluble  in  excess.  in  excess. 

General  Tests  and  Reactions. — 1.  Boilbui  praupitates  albumen 
solutiofis.  The  coagulation  thus  effected  requires  the  presence  of  water, 
as  dry  soluble  albumen  is  not  coagulated  or  rendered  insoluble  by  being 
exposed  to  a  temperature  of  100°. 

The  temperature  at  which  the  coagulation  occurs  varies  with  the  dif- 
ferent albumens,  but  it  averages  from  60°  to  75° ;  the  presence  of  a  little 
free  acid,  or  of  a  neutral  alkaline  salt  like  sodium  chloride,  causes  the 
coagulation  to  occur  at  a  lower  temperature ;  the  presence  of  an  alkali, 
at  a  higher  temperature,  while  if  miich  alkali  is  present  no  coagulation 
will  take  place  at  all. 

Take  six  test  tubes  with  some  simple  albumen  solution  in  each ;  add 
a  few  drops  dilute  acetic  acid  to  the  first,  a  little  of  the  same  acid  and 
some  sodic  chloride  or  sulphate  to  the  second,  a  little  sodic  carbonate 
to  the  third,  a  considerable  excess  of  caustic  potash  or  ammonia  to  the 
fourth,  a  few  drops  of  neutral  solution  of  litmus  to  the  fifth,  and  nothing 
to  the  sixth.  Each  tube  should  have  a  label  attached  to  it.  Next 
place  the  six  test  tubes  in  a  beaker  containing  water,  and  immerse  the 
beaker  in  a  water  bath.  Watch  the  tubes  while  they  are  being  heated ; 
coagulation  first  shows  itself  in  the  tube  containing  acetic  acid  and  the 
salt,  next  in  the  acidified  albumen,  then  in  the  simple  albumen  solu- 
tion, and  lastly  in  the  sodic  carbonate  tube,  while  no  coagulation  will 
occur  in  the  tube  containing  excess  of  caustic  potash,  unless  first  neu- 
tralized with  an  acid ;  and  in  the  tube  to  which  litmus  was  added  a 
blue  color  will  make  its  appearance  on  the  coagulation  of  the  albumen, 
owing  to  the  alkali  set  free  in  the  process. 

2.  Of  the  mineral  acids  nitric^  metaphosphoric^  and  ^>A^«j[>//o- 
tungstic  precipitat4^  albumen  most  completely.  1  part  of  albumen  in 
100,000  parts  of  water  can  be  identified  by  the  last  acid  (IIofmeister). 
Ordinary  phosphoric  acid  does  not  precipitate  it. 

If  only  a  trace  of  albumen  is  present,  as  is  often  the  case  with 
albuminous  urine,  it  is  best  to  place  the  li<{uid  in  a  test  glass,  and  then 
slowly  and  carefully  pour  some  strong  nitric  acid  down  the  side  of  the 
tube,  so  as  to  form  a  layer  at  the  bottom.  A  white  cloud  will  show 
itself  at  the  line  of  junction  of  the  two  fluids.  This  will  be  readily 
seen  by  holding  the  vessel  in  a  clear  light  and  moving  it  up  and  down 
about   the   level   of  the  eye.      Or,  if  only  a  little  of  the  urine  is 
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procurable,  I  have  been  accustomed  to  apply  this  modification  of  the 
nitric  acid  test  with  a  small  glass  syringe,  first  drawing  up  the  urine  and 
then  the  acid. 

3.  (a)  Of  the  organic  acids  carbolic^  picric,  and  tmmic  act  as 
precipita}tts.  By  using  the  picric  acid  in  the  same  way  as  the  nitric 
acid  in  the  preceding  paragraph,  very  delicate  results  can  be  obtained. 
But  with  none  of  these  acids  is  the  precipitation  complete  in  the  presence 
of  alkalies  or  their  carbonates. 

{h)  Acetic  acid  and  ferrocyanide  of  potassium  give  a  white  flaky 
precipitate,  which  is  somewhat  soluble  in  excess. 

((?)  Acetic,  tartaric,  and  citric  amds,  in  presence  of  excess  of  a  cold 
saturated  solution  of  a  neutral  salt  like  sodium  chloride  or  sulphate, 
or  of  a  body  like  gutn  or  dextrin,  precipitate  albumen. 

The  albumens  with  the  exception  of  casein  and  syntonin,  are  not 
precipitated  by  acetic  acid  alone. 

4.  Salts  of  heart/  metals,  such  as  silver,  mercury,  lead,  and  copper, 
throw  down  albumen  from  its  solutions.  Basic  lead  acetate  precipitates 
it  abundantly,  the  normal  acetate  only  slightly.  Tungstate  of  soda  and 
potassio-mercuric  iodide  arc  also  very  delicate  precipitants. 

5.  Other  preci})it4Uits  iwc  freshly  prepared  ferric  acetate^  carbonate 
of  potash  to  saturation,  alcohol,  and  acefon,  A  solution  of  taurocholic 
acid  also  precipitates  albumen  and  syntonin,  but  7iot  peptone  or  propep- 
tone;  all  the  other  delicate  reagents  for  albumen  also  precipitate  the 
peptones. 

6.  Color  Reactions, — 

• 

(//)  All  the  albuminoids,  when  dissolved  in  ghicial  acetic  (tcid,  give  on  the 
addition  of  strong  sulphuric  (fcid,  violet  hlue^  slightly  fluorescent  solutions^  and 
when  sufficiently  concentrated  produce  an  absorption  spectrum  between  b  and 
F  lik(^  urobilin  and  choletelin  (Adamkiewicz).  The  presence  of  sodic  chlo- 
ride strengthens  the  n^action.  but  that  of  iodine  spoils  it.  With  peptones  the 
coloration  is  well  marked. 

{b)  Albuminous  solutions  show  a  green  fluorescence  with  reflected  light, 
wliich  disaj)pears  on  the  addition  of  acetic  acid  in  excess.  If  the  albumen  is 
precipitat<?d  with  silv(»r  nitrate,  and  the  precipitate  dissolved  in  a  mixture  of 
ecjual  parts  of  acetic  and  sulphuric  acids,  the  color  of  the  solution  rapidly 
piLsses  from  violet  through  red  and  orange  to  yellow ;  but  the  addition  of  fresh 
sulphuric  acid  causes  the  violet  (!olor  to  be  restored  in  the  inverse  order. 

(rj  When  albunii^n  is  dissolved  in  strong  sulphuric  acid  alone  a  solution, 
diflfering  in  color  according  to  the  quantity  of  reagent  employed  and  to  the 
amount  of  albuin'.»n  present,  will  be  obtained:  thus  1  c.c.  pure  sulphuric  acid 
(s]).  irr.  IHOJ))  gives  with  1-5  per  c'lit.  albumen  a  irreenish  yellow,  with  7  per 
cent,  an  orange,  with  15  per  cent,  a  red.  and  with  22  per  cent,  a  violet  solution. 

(d)  When  a  little  albumen  is  floated  on  or  dissolved  in  water,  a  little  sugar 
solution  poured  in.  and  then  some  (concentrated  sulphuric  acid  added  carefully 
and  witli  constant  shaking,  a  pur])le  violet  or  l)eautiful  red  coloration  is  pro- 
duced (Sciiri/r/E). 

{e)  When  acted  on  with  a  mixture  of  sulphuric  and  molgbdic  acids  an 
intense  blue  is  develoj)ed  rFR(HII)E). 

(f)  Concentrated  hydrochloric  acid  dissolves  it  at  a  gentle  heat,  a  blue, 
violet,  and  lastly  a  brown  coloration  b:ung  produced,  and  a  j)recipitate  fidling 
on  neutralization.  Bv  warminjr  the  albumen  with  livdrochloric  acid  to  which 
a  few  drops  of  stnmg  sulphuric  acid  have  been  added  a  violet  liquid  results. 
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(^)  Iodine  strikes  a  brownish  yellow,  and  nitric  acid  a  yellow  coloration ; 
the  latter  is  changed  to  a  reddish  orange  by  the  addition  of  caustic  soda. 

(Ji)  Mix  the  albuminous  body  with  a  little  dilute  solution  of  cupric  sul- 
phate, add  some  exiustie  potash  or  soda,  and  warm ;  a  beautiful  violet  color  is 
proiluced. 

These  color  reactions  can  be  characteristically  obtained  with  mere  traces  of 
albumen  on  slides  when  examined  microscopically. 

(y)  Precipitate  albumen  with  chloride  of  gold,  and  dissolve  the  precipitate 
in  a  mixture  of  ecj[ual  parts  of  acetic  and  sulphuric  acids;  the  red  solution, 
like  the  solutions  of  metallic  precipitates  of  albumen,  shows  a  broad  band 
between  E  and  F;  and  a  similar  band  is  given,  as  we  have  seen,  with  the  solu- 
tion of  albumen  in  acetic  and  sulphuric  acids. 

Alteration  of  Albumen  by  the  Action  of  Acids  and  Alkalies. — The 
albumens  are  converted  into  albuminates  by  these  reagents:  alkali 
albumen  by  allowing  the  albumen  to  stand  some  time  with  a  caustic 
alkali,  the  convei*sion  being  accelerated  by  a  gentle  heat;  and  aeid 
albumen  by  treating  a  solution  of  albumen  with  very  dilute  acids,  or 
dissolving  solid  albumen  in  strong  acids. 

(ji)  Alkidi  Albuminate, — 1.  Add  to  the  solution  of  albumen  a  few  drops 
of  caustic  potash,  and  ^dsm  gently  for  a  few  minutes;  then  boil,  and  it  will 
be  found  that  no  coagulum  occurs. 

2.  To  a  little  of  the  above  solution,  when  cooled,  add  a  drop  of  litmus 
solution,  and  neutralize  carefully  by  the  addition  of  dilute  hydrochloric  or 
acetic  acids;  a  precipitate  falls,  that  dissolves  in  excess  of  hydrochloric  acid. 

3.  Boil  a  little  solid  alkali  albumen  (see  preparation,  p.  115)  with  water, 
and  test  some  of  the  solution  with  a  current  of  carbonic  anhydride,  when  a 
precipitate  will  fall ;  to  another  portion  add  powdered  magnesic  sulphate  to 
saturation,  and  a  pr.ecipitate  is  formed ;  and  add  alcohol  to  a  third,  when  no 
precipitate  will  appear. 

4.  To  some  of  the  alkali  albuminate  solution  add  a  little  sodic  or  potassic 
phosphate,  next  a  few  drops  of  litmus  solution,  and  then  neutralize  with  dilute 
acetic  acid :  no  precipitate  will  occur  until  an  excess  of  acid  is  present,  as  in- 
dicated by  the  red  coloration  of  the  litmus.  But  a  precipitate  may  also  be 
obtained  by  boiling  the  neutralized  solution,  owing  to  the  conversion  of  the 
aeid  phosphate  produced  in  the  reaction  into  neutral  phosphate,  free  acid 
being  thus  liberated. 

(h)  Acid  Albuminate. — 1.  Place  a  little  solution  of  albumen  in  a  beaker, 
add  to  it  an  equal  volume  of  dilute  hydrochloric  acid  (0-5  per  cent.),  and  lay 
aside  for  some  hours,  when  the  albumen  will  be  converted  into  acid  albuminate; 
but  the  conversion  is  much  accelerated  by  the  application  of  a  very  gentle  heat. 

2.  Boil  a  little  of  the  solution  thus  obtained;  no  precipitate  occurs.  A 
dilute  solution  of  albumen,  slightly  acidified,  if  very  gradually  brought  up  to 
boiling  point,  may  in  like  manner  give  no  precipitate. 

3.  Neutralize  a  little  of  the  albuminate  solution  of  1  with  dilute  caustic 
pr)tash  solution:  a  precipitate  is  thrown  down.  Tlie  presence  of  an  alkaline 
phosphate  does  not  interfere  with  the  precipitation, 

4.  Dissolve  a  little  syntonin  in  lime  water;  boil  half  the  solution,  and  a 
coagulum  will  be  obtained ;  but  the  addition  of  powdered  sulphate  of  magnesia 
to  saturation  to  the  other  half  causes  no  precipitate  to  appear,  although  it 
shows  itself  on  boiling. 

The  presence  of  nitrogen  and  sulphur  in  albumen  may  readily  be 
shown  by  placing  a  bit  of  dried  albumen  or  fibrin  in  a  reduction  tube, 
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and  inserting  in  its  mouth  a  piece  of  red  litmus  and  a  bit  of  paper 
prepared  with  plumbic  acetate;  then  heat  the  tube,  and  after  a  little  it 
will  be  seen  that  the  litmus  becomes  blue  and  the  lead  paper  black. 

Detection  of  Albumen  in  an  Animal  Fluid. — 1.  Test  the  reaction. 
If  too  acid  add  a  little  dilute  caustic  soda  without  rendering  it  alkaline, 
then  add  sodic  sulphate  and  ammonic  chloride  or  a  neutral  salt  of  the 
alkalies,  and  boil.  If  alkaline  neutralize  with  a  few  drops  of  acetic 
acid,  carefully  avoiding  an  excess,  and  boil  as  before.  Precipitates 
will  thus  be  obtained. 

2.  Test  some  of  tlie  solution  with  a  little  dilute  nitric  acid. 

3.  Confirm  by  testing  with  tannic  acid  and  mercuric  chloride;  or 
with  picric  acid,  tungstate  of  soda,  or  potassio- mercuric  iodide. 

Separation  of  Albumen  from  its  Solutions. — 1.  Acidify  with  acetic  acid 
the  fluid  containing  the  albumen,  and  add  an  equal  volume  of  a  concentrated 
solution  of  sodic  sulphate ;  then  boil.  In  this  way  albumen  can  be  separated 
from  sugar  and  the  like  without  interfering  with  the  after-detection  of  these 
bodies. 

2.  The  separation  may  be  eflected  by  boiling  with  acetic  acid  alone,  avoid- 
ing excess,  and  any  albumen  still  remaining  in  the  filtrate  may  be  completely 
removed  by  again  boiling  it  after  the  addition  of  a  little  freshly  prepared 
acetate  of  iron,  obtained  by  saturating  acetic  acid  with  ferric  hydrate.  Hydrated 
oxide  of  lead  at  boiling  point  also  separates  it  completely. 

8.  Acidify  strongly  with  acetic  acid,  and  add  twice  the  volume  of  alcohol; 
filter  in  24  hours.  This  is  a  good  plan  when  other  substances  are  present 
which  might  be  decomposed  by  boiling. 

4.  Acidify  with  acetic  acid,  evaporate  to  dryness,  and  treat  the  dry,  pul- 
verized mass  with  boiling  alcohol,  ether,  and  water.  The  albumens  present 
are  thus  rendered  insoluble. 

5.  Place  the  solution  in  a  dialyser  immersed  in  water :  crystalloid  con- 
stituents, such  as  the  soluble  salts,  sugar,  and  urea,  will  pass  through  the  parch- 
ment paper,  and  leave  the  albumen  behind.  It  is  possible  in  this  way  to 
separate  serum  or  egg  albumen  from  paraglobulin,  as  the  latter  is  precipitated 
when  the  salts  keeping  it  in  solution  dialy.se  out. 


CHAPTER  XVIII. 

CLASSIFICATION  OF  ALBUMENS, 

I  SHALL  adopt  more  or  less  closely  IIoppe  Seyler's  old  arrange- 
ment, and  give  at  the  same  time  some  details  as  to  each  variety. 

I.  NATIVE  ALBUMEB'S. — These  are  soluble  in  water,  and  precip- 
itated therefrom  by  boiling,  or  by  alcohol  in  presence  of  alkaline 
salts,  though  not  in  their  absence;  but  not  precipitated  by  very  dilute 
acids,  alkaline  carbonates,  or  sodic  chlori<le. 

(a)  Albumen  of  Serum  (Serine). — This  is  very  widely  spread  in  the 
animal  body,  constituting  a  constant  and  essential  element  in  all  the 
nutritive  fluids  of  the  economy,  such  as  the  blood  (2*7  to  4*22  per  cent. 
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of  the  serum,  Fredericq),  lymph,  chyle,  milk,  serous  fluids,  muscle 
juice,  etc. ;  it  is  also  the  most  frequent  form  found  in  the  urine  in  renal 
affections. 

Properties. — Dry  serum  albumen  is  yellowish  and  translucent;  its 
solution,  when  containing  only  a  small  proportion  of  salts,  has  a  specific 
rotation  of  — 56°  for  yellow  light  (given  also  as  — 57-27°).  It  is  not 
coagulated  by  ether;  nitric  and  hydrochloric  acids  precipitate  it,  the 
precipitate  with  the  latter  being  soluble  in  excess,  but  reprecipitated  on 
the  addition  of  water.  The  temperature  of  coagulation,  as  we  have 
already  seen,  is  affected  by  the  presence  of  certain  acids  and  salts; 
thus  in  the  case  of  albuminous  urine  the  coagulum  may  appear  below 
70°,  and  even  as  low  as  50°  when  the  urine  has  an  acid  reaction,  but 
with  an  alkaline  urine  coagulation  does  not  commence  till  a  temperature 
of  73°  is  reached. 

Dilute  acids  at  ordinary  temperatures  give  no  precipitate,  but  at 
higher  temperatures  and  with  more  concentrated  solutions  the  precip- 
itation is  evident. 

Preparation. — To  blood  serum  or  hydrocele  fluid  add  acetic  acid  drop  by 
drop  till  a  flocculent  precipitate  is  formed ;  then  filter,  and  having  neutralized 
the  filtrate  with  a  little  sodic  carbonate  evaporate  to  a  small  volume  io  a  shal- 
low dish  at  about  40°.  Dialyse  the  concentrated  fluid,  changing  the  outside 
water  frequently,  and  after  three  or  four  days  evaporate  the  contents  of  the 
dialyser  to  dryness.  Some  ash  is  still  present.  Or  saturate  the  serum  with 
crystallized  magnesic  sulphate,  filter  from  the  precipitated  serum  globulin,  and 
dialyse  the  filtrate  till  no  more  chlorides  or  sulphates  can  be  detected  in  the 
dialysate.  Then  evaporate  the  contents  of  the  dialyser  in  vacuo  over  sulphuric 
acid. 

(/9)  Albumen  of  White  of  Egg. — It  is  coagulated  when  shaken  with 
ether  in  presence  of  alkaline  salts.  Hydrochloric  acid  precipitates  it 
readily,  and  when  added  in  excess  it  gives  a  coagulum  that  is  with 
difficulty  soluble  in  the  concentrated  acid ;  serum  albumen  is  not  only 
more  readily  precipitated  by  but  also  more  easily  soluble  in  hydro- 
chloric acid.  If  egg  albumen  is  injected  hypodermically  or  into  the 
veins,  or  introduced  in  large  quantity  into  the  stomach  or  intestine  of 
an  animal  in  a  fasting  condition,  it  is  excreted  unchanged  by  the  kid- 
neys, w^hich  is  not  the  case  with  serum  albumen  (Stokvis).  Pure 
albumen  of  egg,  in  which  it  is  probable  several  albumens  may  be  pres- 
ent, begins  to  coagulate  at  54°  to  59°,  the  coagulation  increasing  at 
63°  and  74°,  but  when  mixed  with  salts  the  temperature  at  which  this 
occurs  varies  considerably.  According  to  Matiiieu  and  Urbain, 
when  all  the  free  gas  contained  in  albumen  of  egg  is  removed  by  ex- 
haustion, a  liquid  albumen  is  obtained  not  coagulable  by  heat. 

After  its  precipitation  by  the  mineral  acids  or  the  prolonged  action 
of  alcohol,  the  albumen  is  coagulated  and  rendered  no  longer  soluble 
in  water;  but  the  precipitate  obtained  by  mercuric  chloride,  silver 
nitrate,  or  lead  acetate  is  not  coagulated,  and  is  soluble  on  the  removal 
of  the  precipitant. 

Egg  albumen  is  most  energetically  precipitated  by  heat,  serum 
albumen  by  alcohol. 

The  opportunity  may  be  here  taken  of  giving  the  chemical  com- 
position of  a  hen's  egg  (after  Poleck,  Parkes,  Prout,  etc.) 
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A  herCs  egg  varies  in  weight  between  45  and  60  grams.  Three  parts  of 
it  are  to  be  distinguished — the  shell,  the  white  and  the  yolk.  The  relations 
among  these  in  weight  may  be  expressed  as  1  :  5  :  2*5,  but  when  dried  at 
100°  as  1  :  0-8  :  1*2.  The  proportion  of  the  yolk  to  the  white  varies  as  1  to 
1-4,  1*6,  or  2-09,  the  white  attaining  its  greatest  weight  in  spring  and  the  yolk 
in  summer. 

(j)  ThQsheU:— 

Organic  substances 4"15 

Carbonate  of  lime 93*70 

"         of  magnesia 1*39 

Phosphate  of  lime  and  magnesia 0*76 

(ij)  The  wj/tiVc : — 

Solids 12-18  per  cent. 

Water 88-82      " 

The  solids  generally  vary  about  13-3  per  cent.,  of  which  some  12*27  per 
cent  consists  of  albumens,  with  0  5  per  cent,  of  grape  sugar,  and  traces  of 
olein,  palmitin,  sodic  olcate  and  palmitate,  and  inorganic  salts.  These  salts  in 
100  parts  of  ash  have  this  composition  : — 


KjO 28-45 

Na..O     . 27-90 

CI 25-20 

CO2 11*60 

PA 4-83 


SO3    . 
CaO  . 
MgO 
Fe^Os 
SiO^. 


2-63 
1*74 
1-00 
0*44 
049 


(iij)  The  yolk  coutains  44  to  55  per  cent,  of  solids ;  these  are  vitellin, 
nuclein  (0*2  to  0*3  gram  in  an  egg),  alkali  albuminate,  lecithin,  palmitin,  olein, 
grape  sugar,  two  pigments  (lutein),  and  inorganic  salts,  especially  potassic 
phosphate. 

\Vati>r       47*19 

Solids 52-81 

Albumens 14-15-62 

Ether  extractives : 

Lecithin 

Fats 

Cholesterin 

Alcoholic  extractives 

(Lecithin 

Nuclein 

Salts: 

Soluble 

Insoluble 


6-80 
22-83 
1*75 
4*83 
3-92) 
1-50 


0*35 
0*61 


The  salts  have  the  following  percentage  composition : — 


Phosphoric  acid 63-8-66-7 

Lime 12-2-13-2 

Potash 80-  8-9 

Soda 51-  6-5 

Magnesia 20-  21 

Oxide  of  iron 11-1*4 

Silica 0-5-  1-4 

II.  THE  GLOBULIB'S. — Insoluble  in  water,  all  dissolved  by  dilute 
sodium  chloride  solution  (1  per  cent.),  but  with  the  exception  of  vitellin 
are  precipitated  therefrom  by  saturated  solutions  of  the  same,  or  by 
the  addition  of  a  large  quantity  of  water ;  soluble  also  in  very  dilute 
hydrochloric  acid  with  the  production  of  syntonin.     Its  solutions  are 
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coagulated  by  heat  (not  completely  till  93°  is  reached),  and  are  precip- 
itated by  alcohol  and  even  by  the  weakest  acids,  such  as  carbonic,  the 
precipitate,  however,  disappearing  when  a  stream  of  air  or  oxygen  is 
passed  through  it. 

Globulin  itself,  so  called,  as  found  in  the  blood  corpuscles,  crystal- 
line lens,  etc.,  is  probably  an  alkali  albuminate. 

(«)  VitelliiL— Its  solution  is  not  precipitated  by  the  addition  of  solid 
sodic  chloride  in  excess.  In  the  yolk  of  egg  it  is  chemically  associated 
in  some  way  with  lecithin. 

It  is  prepared  by  digesting  yolk  of  egg  with  water  and  ether  so  long  as 
any  yellow  coloration  is  given ;  the  residue  is  then  shaken  up  with  sodic 
chloride  solution  (10  per  cent.),  which  dissolves  it,  and  it  is  precipitated  there- 
from by  the  addition  of  an  excess  of  water  acidulated  with  a  few  drops  of  acetic 
acid.  It  may  be  rapidly  dissolved  up  again  and  reprecipitated,  and  aflorwards 
digested  with  alcohol,  so  as  to  purify  it. 

Vitellin  is  a  white  granular  body  which  is  very  soluble  in  dilute  sodic 
chloride  solutions,  but  not  precipitable  therefrom  by  saturation  with 
solid  sodic  chloride,  coagulating  about  70°  to  80°  ;  it  is  also  very  solu- 
ble in  dilute  hydrochloric  acid  (^  per  cent.)  and  in  weak  alkaline 
solutions.  It  is  precipitated  from  its  solutions  by  alcohol,  and  its 
neutral  solutions  heated  to  75°  are  coagulated. 

(ji)  CrystaUin  or  Olobulin. — This  body  is  not  precipitated  from  its 
solutions  by  saturation  with  sodic  chloride,  thus  resembling  vitellin, 
but  it  is  readily  precipitated  by  alcohol.  The  cry  stall  in-  or  globulin- 
like body  precipitated  from  diluted  serum  by  the  cautious  addition  of 
acetic  acid  is  said  to  differ  from  fibrinoplastin  merely  by  the  admixture 
of  fibrin  ferment  with  the  latter  (Weyl)  ;  but  although  crystallin  corre- 
sponds very  closely  with  fibrinogen  and  fibrinoplastin,  it  has  no  power, 
like  them,  in  causing  or  assisting  coagulation. 

Preparation. — The  lens  contains  several  albuminoid  bodies.  If  it 
is  rubbed  up  with  washed  sand  and  then  digested  with  water  a  solution 
is  obtained  of  these ;  after  stirring  well,  filter,  and  the  paraglobulin  can 
be  separated  by  passing  a  current  of  carbonic  anhydride  through  the 
filtered  liquid. 

This  paraglobulin  is  also  precipitated  by  dilute  acetic  acid,  and  when 
thus  precipitated  it  is  insoluble  in  water  containing  no  air  dissolved  in 
it,  but  if  some  oxygen  is  passed  through  the  water  it  soon  forms  an 
opalescent  solution.  On  heating  this  solution  to  93°  a  coagulum  sep- 
arates, but  the  filtrate  will  not  pass  through  clear  unless  some  neutral 
salt  of  the  alkalies  has  been  added  previous  to  heating. 

(f)  Myosin,  or  Miiscle  Fibrin, — Its  sodium  chloride  (10  per  cent.) 
solution  is  precipitated  by  solid  sodic  chloride  added  in  excess,  or  by 
extreme  dilution  with  water.  It  is  soluble  in  dilute  hydrochloric  acid, 
dilute  alkalies,  and  neutral  saline  solutions.  It  is  coagulated  by  heat 
(55°  to  60°),  and  precipitated  and  afterwards  coagulated  by  alcohol. 
After  being  dried  its  solubility  is  lessened.  Between  globulin  and  fibrin 
it  is  intermediate  in  its  characters,  like  fibrin  under  certain  conditions 
decomposing  hydrogen  dioxide,  and  giving  a  blue  color  with  the  guaiacum 
test. 
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Myosin  is  the  name  given  to  the  solid  body  that  separates  in  the 
coagulation  of  muscle  plasma,  and  forms  an  elastic  gelatinous  clotted 
mass. 

To  obtain  muscle  plasma  several  large  frogs  are  bled,  and  their  blood 
vessels  are  washed  out  with  a  sodic  chloride  solution  (0-5  per  cent.) ;  the 
muscles  are  then  removed,  cut  into  pieces,  and  again  washed  in  the  salt  solution, 
the  temperature  being  kept  down  to  0°.  The  fragments  are  next  tied  up  in  a 
linen  cloth,  placed  in  a  tin  or  platinum  crucible  inserted  in  a  freezing  mixture 
of  equal  parts  of  snow  or  pounded  ice  and  salt ;  when  frozen  hard  the  mass  is 
cut  into  thin  slices  with  a  sharp  knife  that  has  been  lying  in  the  freezing  mix- 
ture, and  then  pounded  in  a  cooled  mortar.  Now  tie  up  the  broken  muscle  in 
a  linen  cloth,  and  express  powerfully  into  a  vessel  surrounded  by  ice,  the 
expressed  fluid  being  filtered  through  a  series  of  filters  moistened  with  the 
saline  solution  ( j  per  cent.)  into  a  cold  beaker ;  and  it  is  advisable  to  place  the 
glass  funnel  in  a  larger  metal  funnel,  filling  the  space  between  with  snow  and 
salt. 

The  preparation  of  the  plasma  by  the  above  process  requires  much 
dexterity,  and  must  be  done  rapidly,  and  the  temperature  kept  low  all 
the  time.  The  muscles  of  frogs  are  used  in  preference  to  those  of 
mammals,  on  account  of  their  coagulation  setting  in  more  slowly. 

The  miiscle  juice  is  slightly  yellow,  opalescent,  and  syrupy,  has  a 
faint  alkaline  reaction,  and  coagulates  at  ordinary  temperatures,  becom- 
ing first  a  solid  jelly  and  then  separating  into  a  loose  and  granular  clot 
and  an  acid  serum.  The  clot  is  myosin.  The  separation  of  myosin 
from  muscle  plasma  is  also  readily  effected  by  the  addition  of  very  dilute 
acids  or  sodic  chloride  solutions  above  10  per  cent. 

The  muscle  scrum,  obtained  by  the  separation  of  myosin  from  the 
muscle  plasma,  contains  three  albumens — a  potash  albuminate  like 
casein,  precipitated  by  the  addition  of  an  acid  at  20°  to  30°  ;  a  serum 
albumen  in  large  amount,  coagulating  at  75°  ;  and  an  albumen  or  albu- 
minate coao^ulable  at  45°  and  insoluble  in  salt  solutions. 

Myosin  is  much  more  easily  prepared  in  this  way.  Some  finely  divided 
muscle  is  thoroujrhly  washed  in  water,  and  then  triturated  well  in  a  mbrtar 
w^ith  a  solution  of  ammonium  chloride  (12  to  15  per  cent.)  ;  after  several  hours 
it  is  strained  and  subsequently  filtered  through  paper,  and  the  solution  allowed 
to  fall  drop  by  drop  into  a  tall  vessel  filled  with  distilled  water.  The  myosin 
separates  in  small  flocks  (Danilewsky). 

S3rntoniii  is  readily  formed  from  myosin,  a  solution  of  the  latter  in  a 
very  small  quantity  of  hydrochloric  acid  being  converted  into  syntonin 
on  heating  it  to  50°-55°.  A  reconversion  can  also  be  effected  by  dis- 
solving the  syntonin  in  lime  water,  adding  dry  powdered  ammonium 
chloride  in  excess,  filtering,  and  cautiously  neutralizing  the  thick  alka- 
line opalescent  solution  with  acetic  acid.  This  solution  behaves  like  a 
freshly  prepared  solution  of  myosin  in  ammonium  chloride  solution. 

{(S)  Fibrinogen  (Metaglobulin). — Denis  Plasmin  is  probably  a 
mixture  of  paraglobulin  and  fibrinogen. 

(s)  Fibrinoplastin  {K'ulmc's  Paraglobulin,  Panurns  Serum  Casein). 
— Both  these  bodies  comport  themselves  like  myosin,  but  form  fibrin 
when  their  neutral  solutions  are  mixed  in  presence  of  a  special  ferment. 
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Like  myosin  they  also  decompose  hydrogen  peroxide.  They  are  soluble 
in  acetic  acid,  dilute  alkalies,  alkaline  carbonates,  and  neutral  saline 
solutions,  and  are  reprecipitated  therefrom  by  carbonic  acid  or  very 
dilute  acetic  acid  (^  per  cent.).  The  solutions  in  dilute  alkalies  are 
not  coagulated  by  heat,  and  the  respective  solutions  of  these  two  bodies 
in  1  to  5  per  cent,  sodic  chloride  solutions  behave  differently  when 
heated — the  fibrinoplastin  coagulating  at  68^  to  70°  or  75°,  the  fibrin- 
ogen at  52°  to  55°  (HAMiMARSTEx).  According  to  the  same  observer 
a  further  great  distinction  between  these  two  bodies  is,  that  paraglobulin 
is  not  altered  by  the  action  of  fibrin  ferment,  while  the  fibrinogen  is 
converted  by  its  agency  into  fibrin. 

Where  foimd. — Fibrinoplastin  is  met  with  in  the  serum  of  blood 
after  coamilation  has  occurred,  and  is  present  in  the  corpuscles,  chiefly 
the  pale  (in  bullock's  blood  forming  3*58  per  cent,  and  in  rabbit's  blood 
l-2t)  per  cent.,  Fredericq),  also  in  lymph,  chyle,  pus,  and  some  serous 
fluids,  in  connective  tissue,  and  in  the  cornea.  Fibrinogen  exists  in 
blood,  chyle,  and  lymph,  and  in  serous  fluids  generally,  but  particularly 
in  hydrocele  and  pericardial  fluids,  the  latter  being  specially  rich  in  it. 
Some  fibrinogen  as  well  as  serum  globulin  and  albumen  are  present  in 
dropsical  effusions.  These  do  not,  however,  coagulate  spontaneously, 
but  yield  fibrin  on  the  addition  of  fibrin  ferment  or  on  heating  to  60°. 

Preparation. — l  Both  bodies  can  be  thus  separated  in  succession  from 
the  blood  of  the  horse:  Collect  the  blood,  lay  it  aside  in  the  cold  (below  0°) 
for  an  hour  to  allow  the  corpuscles  to  sink,  and  decant  the  plasma.  Dilute 
this  with  ten  times  its  volume  of  iced  water,  and  then  pass  a  current  of  car- 
bonic acid  through  it.  The  flocculent  or  somewhat  granular  precipitate  is 
fibrinoplastin.  After  decantation  and  filtration  dilute  the  filtrate  with  twice 
its  volume  of  water  at  0°,  pass  more  carbonic  acid,  and  neutralize  with  dilute 
acetic  acid.  A  viscous  precipitate  will  be  obtained  of  fibrinogen,  which  can 
be  purified  by  washing  it  with  carbonated  water.  The  temperature  must  be 
kept  down  to  freezing  point  all  the  time.  It  will  thus  be  seen  that  in  prepar- 
intr  fibrinogen  the  fluid  is  more  strongly  diluted  than  in  the  preparaticm  of 
fibrinoplastin,  and  the  current  of  carbonic  acid  must  be  passed  for  a  longer 
time. 

By  saturating  the  plasma  with  sodium  chloride  added  in  powder  a  precipi- 
tate Is  obtained  containing  both  fibrinophistin  and  fibrinogen.  Wjish  the  pre- 
cipitate by  decantation  with  saturated  solution  of  sodium  chloride,  and  filter 
rapidly  at  a  low  temperature.     The  filtrate  will  soon  coagulate. 

II.  Fibrinoplastin  jdone  can  be  prepared  readily  by  diluting  serum  with  15 
times  its  volume  of  distilled  water  and  adding  a  Httle  dilute  acetic  acid  (25 
per  cent.) — ^about  3  or  4  drops  of  this  to  every  10  c.c.  of  serum  employed. 
The  diluted  serum  may  likewise  be  precipitated  with  excess  of  sodium  chloride 
in  powder.  The  fibrinoplastin  thus  obtained  possesses  the  greatest  fibrino- 
plastic  properties. 

Or  dilute  scrum  with  ten  volumes  of  water,  and  pass  a  stream  of  carbonic 
acid  through  it  for  half  an  hour,  keeping  the  temperature  as  low  as  possible. 
Lay  aside  for  10  or  12  hoiu^,  decant  carefully  the  supernatant  liquid,  filter, 
and  wash  the  white,  finely  granular  precipitate  thoroughly  with  carbonated 
water.     This  operation  is  to  be  recommended. 

Hammarsten  states  that  the  whole  of  the  fibrinoplastin  is  not  obtained 
by  any  of  these  methods,  but  he  considers  that  this  can  be  effected  by  the 
addition  of  magnesium  sulphate  to  saturation. 


112  >a'TRITION    AND    FOODS. 

But  it  is  even  doubtful  whether  the  whole  of  the  precipitate  thus 
obtained  should  be  termed  fibrinoplastin.  That  they  are  of  the  nature 
of  globulin  there  seems  to  be  no  doubt,  so  that  it  is  capable  of  reacting 
with  fibrinogen  we  may  safely  speak  of  it  as  fibrinoplastic  globulin. 
It  is  insoluble  in  water  and  in  concentrated  saline  solutions,  but  solu- 
ble in  dilute  saline  and  alkaline  solutions,  being  precipitable  therefrom 
by  a  current  of  carbonic  anhydride  or  the  addition  of  very  dilute  acetic 
acid.  While  the  solutions  in  the  dilute  alkalies  do  not  coagulate  when 
heated,  this  occurs  with  the  sodic  chloride  solution. 

III.  Fibrinogen  is  more  difficult  to  prepare  than  fibrinoplastin.  Ham3Iar- 
STEN  obtains  it  thus  from  blood:  Collect  the  blood  of  a  horse  in  a  vessel  cou- 
ti\ining  a  saturated  solution  of  sulphate  of  magnesia — in  the  proportion  of 
four  volumes  of  blood  to  one  of  the  saturated  solution.  Leave  aside  for 
severid  days  and  filter ;  add  to  the  filtrate  an  efjual  volume  of  saturated  solu- 
tion of  sodium  chloride,  and  the  fibrinogen  is  precipitated.  To  purify  it  the 
precipitate  is  well  pressed  between  folds  of  filter  paper,  redissolved  in  6  to  8 
per  cent,  sodium  chloride  solution,  and  reprecipitated  by  a  saturated  s(»lution 
of  the  same  salt:  this  process  is  repeated  two  or  three  times,  when  the  pre- 
cipitate will  be  free  from  paraglobulin  and  senmi  albumen. 

Fihrinoffen^  hotcever^  is  moi'e  easily  prep<j  red  from  a  serous  exudation  like 
hydrocele  Jiuidj  by  diluting  this  with  ten  volumes  of  water,  and  paissing  a 
stream  of  carbonic  acid  through  the  diluted  fluid  for  about  half  an  hour.  The 
same  method  of  prepiu-ation,  therefore,  applies  to  fibrinogen  and  fibrinoplastin, 
but  with  the  former  a  greater  degree  of  dilution  is  necessar}',  a.s  well  as  a 
longer  passage  of  the  gas  through  the  li<juid. 

The  same  })re(ii>itate  is  ali^o  obtjiined  by  diluting  the  hydrocele  fluid  with 
10  to  20  volumes  of  water,  and  exactly  ni^utralizing  with  very  dilute  acetic  acid. 
The  precipitate  is  flaky  and  viscid,  and  adheres  to  the  walls  of  the  containing 
vessel. 

It  can  likewise  be  separated  by  the  addition  of  a  mixture  of  alcohol  i'^) 
and  ether  (1 ). 

This  fibrinogen  is  insoluble  in  water  or  saturated  solutions  of  so- 
dium chloride  or  magnesium  sulphate,  but  is  soluble  in  dilute  solutions 
of  the  neutral  salts  of  the  alkalies  and  in  very  dilute  solutions  of  the 
alkalies  and  alkaline  carbonates.  It  is  less  soluble  in  these  fluids  than 
is  fibrinophastin,  and  is  not  altered  to  the  same  degree  by  repeated 
precipitations  and  solutions  as  is  the  case  with  paraglobulin,  which  is 
rendered  insoluble  and  inactive  by  four  successive  precipitations  with 
sodic  chloride.  But,  like  fibrinoplastin,  it  is  precipitated  from  its  solu- 
tions by  sodic  chloride  in  excess. 

IV.  The  blood  ferment  is  prepared  by  mixing  the  blood  serum  of  the  ox 
with  15  to  20  times  its  volume  of  strong  alcohol,  and  filtering  from  15  days 
to  a  month,  or  better  even  H  or  4  months,  after.  The  precipitate  contains 
coagulated  albumen  and  the  ferment.  This  is  dried  over  sulphuric  acid,  then 
finely  powdered,  and  rubbed  up  with  water  for  at  lejust  ten  minutes,  using  t>5 
c.c.  of  water  lor  every  gram  of  powder.  Filter,  and  in  the  filtrate  will  be 
found  the  ferment ;  the  filtrate  is  purified  by  treating  it  with  carbonic  anhy- 
dride and  shaking  it  in  the  air  so  long  as  any  opalescence  shows  itself.  The 
ferment  may  also  be  extracted  by  digesting  albuminous  coagulum  with  glycerin. 

The  ferment  may  be  more  easily  prepared  by  digesting  washed  bloodclot 
in  an  8  per  cent,  solution  of  sodium  chloride  (Gamg?:?:). 
This  ferment  is  most  active  about  blood  heat. 
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V.  The  plasmin  of  Denis  is  a  soluble  substance  existing  in  the 
blood  plasma,  and  formed  by  the  union  in  variable  proportions  of  solu- 
ble and  insoluble  fibrin,  as  Denis  terms  them,  the  vital  action  of  the 
vessels  under  normal  conditions  maintaining  these  constituents  apart. 

It  is  prepared  by  separating  the  corpuscles  from  the  blood  plasma  by  means 
of  sodic  sulphate,  and  adding  crystals  of  sodium  chloride  to  the  plasma.  A 
soft  white  mass  is  obtained  by  filtration,  and  if  this  is  shaken  in  10  to  20 
times  its  weight  of  water  it  will  dissolve,  but  at  the  end  of  10  to  15  minutes 
it  will  separate  as  a  coagulum. 

All  these  bodies  come  most  probably  from  the  destruction  of  the 
pale  corpuscles  (Schmidt),  though  the  red  corpuscles  no  doubt  also 
contribute.  And  it  has  been  stated  by  Manteoazza  that  these  pale 
corpusclus  are  the  cause  of  coagulation,  since  when  irritated  by  foreign 
bodies  or  inflamed  tissues  they  set  at  liberty  one  or  all  of  the  genera- 
tors of  fibrin. 

The  Oeneration  of  Fibrin. — According  to  Schmidt  this  body  re- 
sults from  the  combination  of  the  fibrinogen  and  fibrinoplastin  that  are 
present  in  the  blood  in  unequal  proportions,  and  remain  separate  till 
certain  circumstances  arise  that  bring  about  their  union.  But  for  this 
union  to  occur  and  coagulation  be  produced  Schmidt  states  that  there 
must  also  be  present  a  ferment  and  a  small  quantity  of  salts,  such  as 
sodium  chloride. 

Hammarsten  affirms,  however,  that  the  fibrinogen  obtained  from 
hydrocele  fluid  can  be  coagulated  in  the  absence  of  fibrinoplastin  when 
a  little  calcium  chloride  and  blood  ferment  are  added.  So  that  accord- 
ing to  him  there  is  only  one  generator  of  fibrin — that  is,  fibrinogen. 
Fredericq  also  states  that  the  quantity  of  fibrin  furnished  by  a  solu- 
tion of  fibrinogen  on  the  action  of  a  ferment  does  not  equal  in  weight 
the  amount  of  precipitate  given  by  the  same  solution  when  heated  to- 
56° ;  and  he  has  given  proof  that  fibrinogen  exists  as  such  in  living 
blood  inside  the  vessels. 

This  evidence  therefore  seems  in  favor  of  there  being  but  one  genera- 
tor  of  fibrin^  viz.  fibrinogen^  which  under  favorable  circumstances  is 
decomposed  or  converted  into  fibrin,  this  conversion  being  apparently 
connected  with  the  action  of  a  ferment  derivative  of  the  pale  corpuscles. 

III.  FIBEIISr.- 

100  parts  give  C 52-6 

H 70 

N 16-6-17-4 

S 1-2-  1-6 

O 21-9-226 

It  yields  1*9  to  2-1  per  cent,  of  ash,  consisting  of  phosphate  of  lime 
and  a  little  magnesic  phosphate  and  sulphate,  carbonate  of  lime,  and  iron. 

About  one-fourth  per  cent,  can  be  obtained  from  normal  blood. 

Fibrin  is  a  white,  elastic,  more  or  less  fibrillated  solid,  insoluble  in 
water  and  dilute  solutions  of  sodium  chloride;  it  swells  much  in  dilute 
acids,  but  less  so  in  dilute  alkaline  solutions,  the  material  thus  swollen 
being  coagulable  by  heat  and  dissolving  readily  in  a  pepsin  solution. 
Fresh  fibrin  dissolves  more  or  less  slowly  at  35°  to  40°  in  dilute 
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solutions  of  potassic  nitrate  (1  :  17),  and  in  10  per  cent,  solutions  of 
sodic  chloride  and  sodic  sulphate,  as  well  as  in  dilute  alkaline  solutions 
generally — these  solutions  being  coagulable  by  heat,  and  precipitable 
by  acids,  alcohol,  and  excess  of  sulphate  of  magnesia  in  powder.  It  is 
with  difficulty  soluble  in  dilute  acids ;  in  1  to  5  per  cent,  solutions  of 
hydrochloric  acid  it  merely  swells  up,  not  being  dissolved,  but  at  a 
temperature  of  40°  to  60°  the  solution  is  rapidly  effected,  or  after 
several  days  at  ordinary  temperatures.  When  dissolved  in  strong 
hydrochloric  acid  with  the  aid  of  heat  it  forms  a  violet-colored  solution. 

When  boiled  with  caustic  potash  it  evolves  ammonia,  and  potassic 
sulphide  is  formed. 

It  decomposes  hydric  peroxide,  so  that  if  to  oxygenated  water  a 
few  drops  of  tincture  of  guaiacura  are  added,  and  then  some  fibrin 
that  has  been  steeped  in  alcohol,  a  blue  coloration  is  developed.  Or 
the  same  coloration  can  often  be  more  characteristically  obtained  by 
placing  on  a  piece  of  filter  paper,  moistened  with  freshly  prepared 
tincture  of  guaiacum,  a  little  fragment  of  fibrin  that  has  been  im- 
mersed in  a  solution  of  hydric  peroxide  or  ozonized  turpentine. 

Globulin,,  myosin .,  and  fibrin  form  a  series^  myosin  being  inter- 
mediate in  its  characters  between  the  other  two.  This  is  seen  in  their 
solubilities  in  dilute  acids,  alkalies,  and  neutral  salts,  fibrin  being  with 
difficulty  soluble,  myosin  slightly  soluble,  and  globulin  on  the  other 
hand  being  easily  soluble. 

Preparation. — 1.  Fibrin  is  usually  prepared  by  rapidly  stirriog  freshly 
drawn  blood  with  a  bundle  of  twigs,  and  washing  the  filamentous  coagulum 
with  water,  and  then  with  alcohol  and  ether. 

2.  The  fresh  blood  can  also  be  well  shaken  in  a  bottle  with  several  irregular 
pieces  of  lead,  and  the  fibrin  adhering  to  the  lead  detached  and  treated  as  in  1. 

3.  Cut  some  coa«!:ulated  blood  into  small  bits,  enclose  them  in  a  linen  cloth, 
and  leave  the  mass  under  an  open  cold-water  t«p  for  several  hours,  the  mass 
being  squeezed  from  time  to  time  and  the  washing  continued  till  all  traces  of 
red  coloration  have  been  removed.  The  resulting  white  fibrin  is  then  immersed 
in  sodic  chloride  solution  for  3  days  to  separate  any  globulin,  subsequently  for 
14  days  in  distilled  water  that  Is  changed  from  day  to  day,  and  finally  digested 
with  alcohol  and  ether. 

IV.  ALBUMINATES  {Derived  Albumens), — The  native  albumens 
are  readily  converted  into  one  of  these  bodies  by  the  gradual  action  of 
acids  and  alkalies,  and  the  resulting  compounds  may  be  regarded  re- 
spectively as  acid  and  alkali  combinations  with  the  neutralization 
precipitate.  The  solid  albuminates  are  insoluble  in  water  and  sodic 
chloride  solutions ;  when  freshly  precipitated  they  are  easily  soluble  in 
dilute  acids,  alkalies,  and  alkaline  carbonates,  and  their  solutions  tire 
precipitated  by  careful  neutralization,,  but  not  by  boiling,,  and  only  with 
difficulty  by  alcohol.  Some  of  the  acid  albuminates  contain  sulphur, 
but  the  alkaline  albuminates  do  not. 

(a)  Alkali  Albumen  or  Albuminate. — This  body  is  present  in  all 
young  colorless  cells,  in  blood  corpuscles  and  blood  serum,  and  in  .the 
chyle;  also  in  muscle,  pancreas,  nerve,  lens,  and  cornea. 

It  is  possible  that  several  forms  of  it  exist,  judging  from  the  varying 
polarizing  power  of  different  alkali  albuminates:  thus  when  prepared 
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from  seram  albumen  by  the  action  of  strong  caustic  potash  it  is  equal 
to  — 86°,  from  egg  albumen  it  is  equal  to  — 47°,  but  if  from  coagulated 
egg  albumen  it  rises  to  — 58*8°. 

Potash  and  soda  dissolve  albumens,  transforming  them,  especially 
with  the  aid  of  heat,  into  alkali  albumens. 

Acids  added  to  a  solution  of  alkali  albumen  to  exact  neutralization 
precipitate  pure  albumen,  but  no  precipitation  occurs  in  presence  of 
alkaline  phosphates  so  long  as  there  are  not  more  than  9  molecules  of 
acid  phosphate  to  1  of  neutral  phosphate,  but  the  slightest  excess  of 
acid  after  this  point  will  produce  a  precipitate. 

A  solution  of  alkali  albuminate  can  be  boiled  without  a  precipitate 
occurring,  but  the  addition  of  ether  or  alcohol,  especially  if  the  albu- 
minate is  concentrated,  causes  a  turbidity.  Salts  of  the  heavy  metals, 
baric  chloride,  and  alum  also  produce  precipitates. 

A  soda  albumen  resembling  casein  is  present  in  the  blood,  and  can 
be  precipitated  by  acidifying  the  serum  slightly  with  very  dilute  acetic 
acid  after  the  fibrinoplastin  has  been  separated  ))y  carbonic  acid.  This 
substance  is  most  abundant  in  the  blood  of  the  spleen. 

1.  Preparation  of  a  Solid  Alkali  Albuminate. — Remove  the  whites  of 
two  fresh  egj^,  divide  the  mass  freely  with  scissors,  and  when  it  has  been  well 
shaken  up  in  a  flask  filter  throuirh  linen ;  then  add  strong  caustic  potash  to 
the  filtmt<3  until  it  becomes  a  firm  jelly.  This  is  to  be  cut  into  bits,  rolled  up 
in  a  piece  of  gauze,  and  washed  well  in  distilled  water. 

This  albuminate  is  soluble  in  boiling  water,  from  which  it  is  precipitated 
by  the  careful  addition  of  acetic  acid. 

2.  Dilute  the  white  of  egg  (prepared  as  before)  with  an  equal  volume  of 
water,  filter,  and  evaporate;  to  half  its  bulk;  when  it  luus  cooled  add  caustic 
pota.sh  drop  by  drop  until  it  becomes  gelatinous.  This  mass  is  cut  into  bits, 
aa  already  described,  well  washed  in  a  hu*<re  excess  of  distilled  water,  rapidly 
strained  through  a  lin»m  cloth,  and  again  wtished  there  with  more  water  until 
the  alkaline  reaction  has  (|uite  dLsappeared.  This  wiishing  must  be  done  rapidly, 
and  the  purified  albumen  thus  obtained  dissolved  in  boiling  water  and  precipitiited 
therefrom  with  acetic  acid  (after  LieberkCiin). 

3.  Shake  milk  with  strong  caustic  soda  and  with  ether,  decant  the  ether, 
precipitate  the  albumen  with  acetic  acid,  and  wash  it  with  water,  cold  alcohol, 
and  ether  (Hoppe  Seyler). 

(^5)  Casein  is  present  in  the  milk  of  all  animals,  and  a  somewhat 
similar  body  is  also  described  as  existing  in  blood  serum,  chyle,  muscle 
juice,  and  serous  exudations. 

In  the  milk  casein  exists  chiefly  in  the  soluble  form,  in  combination 
with  an  alkali,  and  some  say  combined  with  calcic  phosphate;  accord- 
ingly, when  this  latter  body  is  removed  from  its  combination  with  the 
casein  by  the  action  of  an  acid,  the  casein  is  precipitated;  but  a  small 
quantity  is  present  also  in  an  insoluble  condition  in  some  saline  com- 
bination (Commaille).  It  is  yet  diflScult,  notwithstanding,  to  say 
positively  how  much  of  the  casein  is  in  the  soluble  form  and  how  much 
is  only  suspended  in  a  finely  granular  form. 

Casein  resembles  an  alkali  albumen,  but  it  is  somewhat  richer  in 
nitrogen ;  heated  also  with  caustic  potash  it  yields  sulphur,  potassium 
sulphide  being  formed,  which  is  not  the  case  with   with  an  alkali 
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albumen;  further,  casein  differs  from  an  alkali  albuminate  in  its  in- 
ability to  pass  through  a  filter  and  in  being  coagulated  by  rennet. 

Its  solutions  do  not  coagulate  when  heated ;  they  are  precipitated 
by  acetic  and  most  acids,  being  soluble  in  excess ;  but  no  precipitation 
occurs  on  simple  neutralization  in  presence  of  potassic  phosphate, 
although  it  will  take  place  wKen  a  sufficient  excess  of  acid  has 
been  added. 

Rennet  also,  which  contains  a  special  ferment,  can  precipitate 
casein  even  from  an  alkaline  milk  at  a  moderately  elevated  temperature, 
1  gram  sufficing  to  coagulate  30  litres  of  milk.  Casein  is  likewise 
separated  from  its  solutions  by  boiling  them  with  calcic  chloride  or 
magnesic  sulphate.  A  solution  of  casein  in  acetic  acid  is  precipitated 
by  dilute  sulphuric  acid  and  by  potassic  ferro-  and  ferri-cyanide. 

The  specific  rotatory  power  of  a  casein  solution  for  yellow  light 
varies  from  76°  to  91°,  according  to  the  alkalinity  of  the  solvent, 
being  higher  when  a  strong  instead  of  a  weak  alkali  has  been  em- 
ployed; a  solution  in  dilute  hydrochloric  acid  has  a  rotatory  power 
equal  to  — 87°. 

A  conversion  of  casein  into  fat  occurs  when  milk  is  allowed  to 
stand  for  some  time. 

While  the  identity  of  soluble  casein  and  sodic  albuminate  is  main- 
tained by  most  German  chemists,  the  question  cannot  yet  be  regarded 
as  decided.  Opinions  vary;  Danilewski  and  Badknhausen,  for 
example,  affirm  that  casein  is  a  mixture  of  two  substances,  one  of 
which  is  an  albumen  probably  identical  with  serum  albumen,  and  the 
other  protalbin,  a  transition  product  formed  during  the  peptonization 
of  various  albumens  with  alkalies  and  pancreatin.  It  is  this  protalbin, 
they  say,  that  imparts  to  casein  its  acid  character. 

Casein  of  woman's  milk  is  slightly  different  from  that  of  cow's 
milk,  being  only  partially  precipitated  by  acetic  acid  and  c^irbonic 
acids,  and  appearing  in  grayish  white  flocculi  instead  of  in  lumps. 

There  is  a  slight  difference  also  in  their  percentage  composition. 

Casein.  (Woman.)  (Cow.) 

C 52-36  53-62 

H 7-27  7-42 

N 14-65  14-20 

O 25  73  24-76  (Makris.) 

The  casein  of  cow's  milk  is  also  more  soluble  in  water  and  alcohol 
than  the  casein  of  woman's  milk. 

To  separate  casein  from  skimmed  milk,  dilute  the  latter  with  10  times 
its  volume  of  water,  and  add  a  few  drops  of  dilute  hydrochloric  or  acetic  acid 
until  a  precipitation  begins  to  occur ;  now  pass  a  current  of  carbonic  acid,  filter, 
and  wash  the  coagulum  with  cold  water,  and  afterwards  with  alcohol  and  ether; 
or,  to  render  it  purer,  afler  the  cold  water  wash  it  with  water  acidulated  with 
hydrochloric  acid,  and  subsequently  with  pure  water.  Now  heat  to  45°  with  a 
large  volume  of  water,  when  it  will  in  great  part  dissolve ;  filter,  and  precipitate 
the  dissolved  casein  with  carbonate  of  ammonia.  Collect  the  precipitate  and 
wash  it  with  water,  and  then  with  warm  spirits  and  ether. 

With  human  milk  it  is  better  to  precipitate  the  casein  with  sulphate  of 
magnesia  added  to  saturation  to  the  milk  warmed  to  30°,  to  wash  the  separated 
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casein  with  a  satarated  solution  of  this  salt,  and  then  with  alcohol  and  ether. 
To  purify  it  redissolve  in  water,  and  dialyse  to  separate  the  magnesic  sulphate 
completely. 

A  nearly  pure  solution  of  casein  is  also  obtained  by  dialysing  milk  30  to  36 
hours  (Schmidt). 

(;')  Acid  Albuminate  {Syntornn^'Alhumose). — The  majority  of  acids 
in  the  dilute  condition  and  at  ordinary  temperatures  transform  albumens 
into  acid  albumen,  which  is  also  the  first  product  of  the  action  of  gastric 
juice  on  proteids.  The  conversion  is  accelerated  by  raising  the  temper- 
ature. The  term  acid  albumen  has  generally  been  applied  to  the  com- 
bination with  acetic  acid  alone  (but  this,  we  see,  is  incorrect),  and 
st/ntonin  to  the  combination  with  hydrochloric  acid,  especially  when 
myosin  has  been  employed.  This  is  the  percentage  composition  of  the 
syntonin:  C  541,  H  73,  N  161,  0  21-5,  S  11. 

An  acid  albuminate  is  a  white  gelatinous  substance  insoluble  in  water 
and  sodic  chloride  solutions,  but  easily  soluble  without  alteration  in 
very  dilute  hydrochloric  acid  and  dilute  caustic  alkalies.  Its  solutions 
have  a  specific  rotatory  power  for  yellow  light  of — 72°,  which  rises  to 
— 84*8°  when  the  solution  is  heated  in  a  closed  vessel. 

Acid  albumen  solutions  are  precipitated  by  neutralization  even  in 
presence  of  sodic  or  potassic  phosphate,  also  by  saturating  them  with 
sodic  chloride,  acetate,  or  phosphate ;  but  they  are  not  affected  by  boil- 
ing. The  solution  in  lime  ivater  is^  however^  partially  coagulated  by 
boiling^  and  a  still  further  precipitation  occurs  after  boiling  on  the  ad- 
dition of  sodium  chloride  or  magnesium  sulphate.  Indeed,  a  precipitate 
is  generally  produced  on  boiling  an  alkaline  solution  of  any  acid  albu- 
men to  which  magnesic  sulphate  has  been  added  in  excess. 

Preparation. — Digest  egg  albumen  or  dissolve  serum  albumen  in  fuming 
hydrochloric  acid,  and  let  it  stand  till  the  solution  is  blue-colored;  then  dilute 
with  twice  its  volume  of  water.  Collect  the  precipitate,  dissolve  it  in  water, 
and  carefully  neutralize  the  solution  with  sodic  carbonate ;  finally  wash  well  with 
water. 

To  prepare  ftyntonin,  finely  divided  muscle  as  free  from  fat  as  possible  is 
well  washed  and  placed  in  one- fifth  per  cent,  hydrochloric  acid,  which  dissolves 
it  readily;  the  solution  is  filtered  after  a  few  hours,  and  the  opaline,  slightly 
vUcid  filtrate  diluted  and  exactly  saturated  with  sodic  carbonate:  gelatinous 
flakes  are  obtained,  which  are  to  be  washed  in  water. 

Tests. — 1.  A  solution  on  boiling  remains  clear ;  then  acidify  strongly 
with  acetic  acid  and  add  a  saturated  solution  of  sodic  chloride  until  a 
precipitate  appears.  On  heating  the  precipitate  disappears;  now  add 
more  sodium  chjoride,  and  a  point  will  soon  be  reached  when  boiling 
will  no  longer  clear  up  the  mixture,  and  the  albumen  will  be  completely 
precipitated  by  the  sodium  chloride. 

2.  Pure  nitric  acid  gives  a  precipitate  which  dissolves  with  an  in- 
tense yellow  color  on  heating. 

3.  Add  caustic  soda,  and  then  a  drop  or  two  of  a  weak  solution  of 
cupric  sulphate;  an  intense  purple  violet  color  is  produced. 

4.  With  Millon's  reagent  a  deep  red  color  is  given  on  heating,  but 
the  presence  of  much  sodium  chloride  interferes  with  the  reaction. 

5.  To  separate  this  body  from  fluids  containing  it,  boil  them  with 
hydrated  oxide  of  lead  (Hofmeister). 
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V.  PEPTONES.— The  gastric  juice  converts  albuminous  bodies  into 
peptones;  pancreatic  juice  likewise  possesses  the  same  property,  and 
possibly  also  the  intestinal  juice,  but  to  a  limited  degree.  All  proteids, 
in  short,  except  amyloid  substance  yield  peptones  with  acid  gastric  or 
alkaline  pancreatic  juice  at  the  temperature  of  the  body.  It  is  said, 
fiirther,  that  they  are  produced  by  the  prolonged  action  of  dilute  acids  at 
high  and  of  moderately  strong  acids  at  medium  temperatures,  also  by 
the  action  of  water  a^  very  high  temperatures  and  pressures.  In  all 
these  cases  it  is  probable  that  an  albuminate  is  first  formed. 

All  proteids  are  also  said  to  be  converted  into  peptone  by  prolonged 
contact  with  animal  and  vegetable  tissues,  the  conversion  of  swollen 
fibrin  into  peptone  by  the  action  of  the  tissue  of  the  lungs  or  kidneys 
taking  place  as  energetically  as  under  the  influence  of  pepsin  (EiCH- 
WALD,  Poehl),  and  it  is  well  known  that  the  juice  of  the  so-called  car- 
nivorous plants  {drosera^  etc.)  when  acidified  with  hydrochloric  acid 
(one-fifth  per  cent.)  dissolves  fibrin  as  rapidly  as  does  pepsin  itself 

In  the  decomposition  of  albumens  by  bacteria  peptone  is  also  one  of 
the  early  products. 

Peptone  has  been  found  in  the  liver  and  spleen  in  leukaemia,  and 
in  certain  pathological  urines  it  is  occasionally  present. 

The  peptones  are  said  to  possess  a  slightly  different  composition  from 
the  albumens  from  which  they  were  derived  in  containing  a  smaller 
proportion  of  carbon  and  nitrogen.  They  seem  to  result  from  the  fixa- 
tion of  a  certain  quantity  of  water  with  the  albuminous  matters.  Maly, 
however,  regards  the  peptones  as  possessing  the  same  elementary  com- 
position as  their  derivative  albumens.  In  the  subjoined  table  three 
analyses  of  fibrin  are  given,  and  three  of  fibrin  peptone: — 
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0 

1 
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— 

Peptones  have  also  been  regarded  as  due  to  the  swelling  up  of  the 
colloid  of  albumen,  the  inner  constituent  remaining  the  same,  no  change 
in  specific  gravity,  rotatory  power,  or  index  of  refraction  taking  place 
in  the  conversion  (Poeul). 

But  the  proportion  of  salts  in  peptone  is  undoubtedly  smaller  than 
that  of  the  albumen  from  which  it  wiis  derived;  thus  in  serum  albumen 
the  salts  are  =  9*6  per  cent.,  in  egg  albumen  =  5*43  per  cent.,  in 
fibrin  =  2*17  per  cent.,  but  in  peptone  only  =  1*16  per  cent.  By  the 
digestion  of  fibrin  MOiilenfeld  obtained  a  pej)tone  having  the  compo- 
sition Ci43ll3^,iN„)SOg2'  I^  is  evident,  therefore,  that  at  present  we  can- 
not say  that  any  constant  difference  has  been  conclusively  established, 
although  there  is  a  slight  probability  in  regarding  peptones  as  hydrates 
of  albumen. 
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Different  peptones  have  been  described,  but  those  given  by  Meissner 
cannot  all  be  regarded  as  true  peptones.  KChne  distinguishes  heun- 
peptones  and  antipeptones,  the  former  being  readily  capable  of  conver- 
sion into  leucin  and  tyrosin  under  the  action  of  trypsin,  while  antipep- 
tones  resist  this  decomposition. 

Between  the  genuine  proteids  and  the  peptones  there  exist  gradual 
states  of  transition,  depending  only  on  different  states  of  hydration,  a 
peptone  being  capable  of  reconversion  into  precipitable  albumen  by 
treatment  with  dehydrating  agents,  such  as  alcohol  and  salts  of  the  al- 
kalies; and  by  heating  a  peptone  for  some  hours  to  130^-140°  it 
changes  more  or  less  completely  into  albumen  (Henntnger). 

Preparation. — 1.  Some  freshly  prepiired  fibrin  is  to  be  cut  up  very  fine 
and  covered  with  5  or  6  times  its  vohmie  of  hydrochloric  acid  (one-fifth  per 
cent.)  As  soon  a^  the  fibrin  has  assumed  a  transparent  aspect  add  a 
little  glycerine  solution  of  pepsin,  and  w\\nn  the  whole  up  to  4()°  over  a  water 
bath.  After  several  hours  the  gelatinous  mass  will  have  disappeared,  and  an 
opalescent  gray  solution  taken  it«  place ;  strain,  and  render  the  filtrate  faintly 
alkaline  with  sodic  carbonate.  When  the  resulting  precipitate  has  settled, 
filter ;  boil  the  filtrate  after  having  acidified  slightly,  and  filter  afresh.  From 
this  last  filtrate  the  peptone  is  precipitated  with  absolute  alcohol,  the  collected 
precipitate  extracted  with  ether  and  a  mixture  of  ether  and  alcohol,  and  the 
residue  covered  with  absolute  alcohol  for  2  or  8  weeks.  The*  white  mass  is 
then  filtered  from  the  alcohol  and  di&solved  in  a  little  wat<ir  at  a  gentle  heat ; 
the  filtrate  is  precipitated  with  absolute  alcohol,  and  the  precipitate  dried  at 
30°  in  vacuo  (Adamkiewicz). 

2.  Digest  the  finely  divided  mucous  membrane  of  a  pig's  stomach  for  some 
time  with  one  litre  of  water  and  10  c.c.  hydrochloric  acid,  or  add  the  glycerin 
extract  of  the  same  mucous  membrane  to  the  simie  volume  of  water  and  acid. 
Now  place  a  little  well-washed  fibrin  in  some  of  the  above  digestive  fluid,  and 
leave  it  aside  at  a  temperature  of  40°  for  2  or  3  days ;  then  neutralize  with 
carbonate  of  soda,  warm  gently,  and  filter ;  concentrate  the  filtrate  slightly  by 
evaporation,  and  dialyse  it  until  no  more  chloride  passes  through ;  concentrate 
.«till  further,  and  precipitate  with  absolute  alcohol ;  aft^T  some  time  collect  on 
a  filter,  wa.sh  with  alcohol  and  ether,  and  dry  in  vacuo  (Maly). 

Properties  and  Specific  Characters.— Peptones  possess  in  a  feeble 
degree  the  character  of  acids ;  yet  they  appear  also  to  form  combina- 
tions with  acids.  The  solid  peptones  are  amorphous,  yellowish  white, 
somewhat  translucent,  inodorous,  and  hygroscopic  })owders,  that  are 
very  soluble  in  water,  particularly  when  warmed',  and  to  a  less  extent 
in  dilute  alcohol,  while  they  are  insoluble  in  absolute  alcohol,  ether,  and 
chloroform. 

1.  Like  albumose  and  albumen,  peptones  in  neutral  or  weakly  acid 
solution  are  precipitated  by  mercuric  chloride,  mercuric  nitrate,  silver 
nitrate,  the  lead  acetates,  tannic,  picric,  and  the  biliary  acids :  also  by 
alcohol,  but  to  a  less  extent  and  with  difficulty ;  and  by  phosplio- 
molybdic  and  phospho-tungstic  acid. 

'2.  Unlike  albumen  and  albumose,  they  are  not  precipitated  bv  heat 
and  mineral  acids,  nor  by  acetic  acid  and  potassic  ferrocyanide,  cuj)ric 
sulphate,  ferric  chloride,  or  sodium  chloride,  nor  by  neutralization  of 
their  acid  or  alkaline  solutions. 

3.  Their  solutions  diffuse  readily  through  animal  membranes,  but 
their  osmotic  power  is  comparatively  feeble;  in  this  respect,  however. 
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they  differ  from  all  other  proteids,  which  diffuse  with  the  greatest  diffi- 
culty, or  not  at  all. 

4.  They  give  the  protein  reactions,  but  with  strong  caustic  soda 
and  a  mere  trace  of  a  dilute  cupric  sulphate  solution,  an  intense  j[>Mr/>/^- 
o:  rosy-rcd^  pinkish^  or  reddkh  violet  coloration — the  so-called  biuret 
reaction — appears  instead  of  a  blue  or  violet  color.  Albumose  gives 
the  same,  and  albumen  only  a  blue,  but  in  no  case  a  red  or  pink 
coloi-ation. 

5.  Like  the  albumens  generally  they  polarize  to  the  left,  the  degree 
of  polarization  not,  however,  being  affected  by  heat,  but  albumen  (of 
egg)  peptone  polarizes  more  powerfully  than  fibrin  peptone. 

6.  Peptones  and  acid  albuminates  are  thus  distinguished: — 

Peptones.  Acid  Albuminates. 

The  a(|ueoussolutioas,  when  slight-  The  slightly  acid  aqueous  solution 

ly  acidified,  are  not  precipitated    on  is  precipitated  when  exactly  neutral- 

beinj;  exactly  neutralized  or  heated.  ized. 

Acids  produce  no  precipitation  or  Most  of  the  acids,  including  ace- 
other  disturbance.  tic,  give  a  precipitate  soluble  in  excess. 

The  metallic  salts,  with  the  excep-  These  salts  give  slight   precipi- 

tion   of  those   of  mercury,  give   no  tates,  but  some  of  them  are  soluble  in 

precipitate.  excess. 

Assimilable  and  dialysable.  Not  directly  assimilable,  and  di- 

alyse  with  difficulty. 

A- 1.  AMYLOID  SUBSTANCE,  LAKDACEIIT.-This  is  an  amorphous, 
friable,  white  substance  that  appears  to  be  a  fibrin  derivative.  It  has 
this  percentage  composition:  0  53*6,  H  7*0,  N  15*5,  0  22*5,  S  l*«i5, 
and  only  occurs  as  a  pathological  j)r()(hict.  It  is  generally  found  in  the 
form  of  little  transparent  grains  or  corpuscles,  or  as  fine  gninulations 
with  concentric  layers,  as  in  the  brain  and  prostiite,  or  as  an  infiltra- 
tion in  the  liver,  spleen,  kidneys,  and  walls  of  blood  vessels. 

Lardacein  is  insoluble  in  water,  alcohol,  ether,  dilute  acids,  and  the 
alkaline  carl)onates ;  it  neither  swells  in  saline  solutions  nor  is  it 
digested  by  gastric  juice  at  the  nonnal  temperature  of  the  body ;  it  is 
solul>le  in  strong  hydrochloric  acid,  the  solution  when  diluted  with 
water  precipitating  syntonin,  and  when  boiled  with  dilute  sulphuric 
acid  (1:0)  it  dissolves  with  a  violet  color,  and  with  strong  sulphuric 
acid  furnishin«i  leucin  and  tvrosin;  the  alkalies  dissolve  it,  transforming 
it  into  a  substance  analogous  to  albuminose. 

Tests  and  Characteristics. — 1.  Amvloid  substance  fijives  a  reddish 
hrojvn  coloration  with  iodine,  not  a  yellow  stain,  as  with  ordinary  albu- 
men; with  iinlized  chloride  of  zinc  it  gives  a  more  marked  red  colora- 
tion :  and  if  a  little  iodine  Holntion  is  first  added  to  it,  and  then  a  little 
sulphuric  acid^  a  violet  or  blue  coloration  appears.  When  this  hist  test 
is  applie<l  to  an  affected  organ,  as  in  the  post-mortem  room,  the  blue 
obtained  is  dark  and  dirtv-lookin*]:,  not  the  bri<]rht  clear  blue  given  by 
the  pui'ified  lardacein. 

2.  Anilin  violet,  or  rnethi/l  anilin,  is  particularly  useful  for  the 
identification  and  demonstration  of  this  degeneration :  healthv  tis.siie8 
are  stained  by  it  of  a  violet  or  blue,  but  the  ])arts  that  have  undergone 
amvloid  degeneration  take  a  rosy  red  or  reddish  violet  color.     This  test 
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is  chiefly  applicable  to  the  staining  of  sections  for  microscopic  examina- 
tion. A  dilute  watery  solution  of  the  violet  of  Paris  gives  good  results, 
and  a  few  minutes*  immersion  are  sufficient  to  effect  the  necessary 
staining.  Or  a  strong  watery  solution  may  be  made  and  the  section 
deeply  stained  therein ;  it  is  then  to  be  wa^shed  in  acetic  acid  (1  to  2 
per  cent.)  until  all  excess  of  color  has  been  removed. 

3.  Eo8in  stains  it  a  bright  red,  and  this  reagent  is  also  applicable  to 
microscopic  examination. 

4.  A  solution  of  the  body  in  strong  sulphuric  acid  gives  a  purple 

violet  color  with  sunjar  or  acetic  acid.     Purified  lardacein  also  dissolves 

.... 
readily   in    dilute  ammonia,   and  when  excess  of  ammonia  has  been 

driven  off  the  neutral  solution  gives  precipitates  with  dilute  acids. 

0.  It  also  gives  the  xanthoproteic  reaction,  and  the  red  coloration 
with  Millon's  reagent. 

To  extract  it  from  an  affected  organ^  cut  the  latter  in  pieces,  remove  the 
vessels  as  far  as  possible,  wa.sh  in  cold  water,  and  boil;  treat  the  residue  with 
alcohol  and  ether;  next  boil  repeatedly  with  alcohol  acidulated  with  hydro- 
chh»ric  acid,  and  then  digest  with  excess  of  gjistric  juice  at  40°  so  long  as  the 
filtrate  gives  the  xanthoproteic  or  a  peptone  reaction.  Boil  the  insoluble  resi- 
due once  more  in  spirit  containing  hydrochloric  acid,  and  then  wash  thoroughly 
with  water.     Amyloid  substance  remains  behind. 

VII.  COAGULATED  ALBUMEN.— This,  as  we  have  already  seen,  is 
pro<luced  by  the  action  of  heat  on  solutions  of  i^y^^r^  and  serum  albumen, 
or  on  such  albumens  as  the  globulins  or  fibrin  when  suspended  in  water 
or  di.ssolved  in  saline  solutions;  also  by  the  prolonged  action  of  abso- 
lute alcohol  on  the  same  bodies. 

It  is  insoluble  in  water,  dilute  acids  and  alkalies,  and  neutral  saline 
solutions;  but  it  is  soluble  in  strong  acids  and  alkalies,  and  even  in 
dilute  acids  and  alkalies  at  elevated  temperatures,  in  both  cases  forming 
albuminates :  further  it  is  easily  converted  into  peptone  by  the  gastric 
or  pancreatic  juices  at  the  blood  heat,  and  is  colored  yellow  by  iodine. 

VIII.  Two  special  forms  of  albumen,  METALBUMIIT  and  PARAL- 
BUMIH,  will  here  be  referred  to,  although  their  true  constitution  is  not  yet 
accurately  known  and  the  accounts  given  of  them  are  somewhat  conflicting. 
They  were  first  found  in  ovarian  cysts  and  ascitic  fluid.  They  are  thready  and 
of  a  slimy  consistency  only  imperfectly  precipitated  by  boiling,  and  their  pre- 
cipitates with  alcohol  are  soluble  in  water. 

(a)  Metalbamin  has  been  regarded  by  some  writers  merely  as  a  mixture 
<»f  albumen  and  mucin.  It  has  been  found  in  ascitic  fluid  and  in  certain 
serusities. 

1.  Its  solutions  are  not  precipitated  by  acetic  or  hydrochloric  acid,  or  by 
acetic  acid  and  potassic  ferrocyanide,  and  boiling  merely  renders  the  solution 
cloudy  without  coagulating  it,  and  by  alcohol  it  is  precipitated  but  not 
coairulated. 

2.  It  is  abundantly  precipitated  by  mercuric  chloride  and  by  tincture  of 

nut  galls. 

(3)  Paralbumin. — It  is  doubtful  also  whether  this  body  is  a  true  proteid ; 
it  generally  appears  to  be  associated  with  some  glycogen-like  substance. 
Haerlin  assigns  it  this  percentage  composition:  C  51*8,  H  (>-9,  N  12-8, 
S  1-7,  O  26-8.     It  has  been  met  with  in  the  fluid  of  ovarian  cysts,  of  which 
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it  used  to  be  regarded  as  characteristic,  but  it  has  likewise  been  met  with  else- 
where. Its  alkaline  solutions  lu-e  very  ropy.  Peculiar  pear-shaped  cells 
(Spencer  Wells)  are  described  as  present  in  the  fluid  in  which  it  is  found, 
and  also  granular  cells  somewhat  resembling  those  of  pus ;  but  the  granular 
appearance  of  these  cells  is  not  removed  by  acetic  acid,  and  under  treatment 
with  ether  the  granules  become  more  transparent  (Drysdale). 

1.  In  afjueous  solution  it  is  precipitat^id  by  alcohol,  but  the  precipitate 
dissolves  in  excess  of  wat^jr  at  35°  at  the  end  of  a  few  hours. 

2.  Boiling  precipitat<is  it  imperfectly,  causing  only  an  opalescence  or  tur- 
bidity, which  disappears  on  the  addition  of  strong  acetic  acid,  although  flocculi 
may  sonK^times  show  themselves. 

3.  Acetic  acid  producAis  a  turbidity  which  dissolves  in  excess  of  acid  or  in 
a  strong  solutitm  of  sodic  chloride,  in  this  respect  differing  from  the  acetic  acid 
precipitate  with  mucin,  which  is  ins^>luble  in  excoAs  of  the  precipitant  or  in 
sodic  chloride  solution. 

4.  Carbonic  acid  gas  passed  through  a  diluted  solution  gives  a  flocculent 
precipitate. 

5.  Abundant  precipitates  are  tdso  given  by  nitric  acid,  ferrocyanide  of 
potassium  and  acetic  acid,  hydrochloric  acid,  mercuric  chloride,  basic  acetate  of 
lead,  and  tincture  of  nut  galls. 


CHAPTER  XIX. 

TABLE  IDENTIFYING   THE  CHIEF  DIFFERENT  FORMS  OF  ALBUMEN. 

I.  Soluble  in  Pure  Water, 

A.  Coagulated  by  heat,  and  not  precipitated  by  carbonic  acid. 

Native  albumens. 

1.  Serum  albumen,  not  precipitated  by  ether. 

2.  Ugg  albumen^  precipitated  by  other. 

B.  Not  coagulated  bv  heat. 

Peptones. — Not  preci])itated  by  sodic  chloride,  acids,  or  alkalies, 
nor  coagulated  by  long  exposure  to  alcohol ;  give  a  rose 
color  with  a  trace  of  cu})ric  sulphate  and  iniicli  caustic  soda. 

II.  Insoluble  in  Pure  Water ^  but  Soluble  in  Dilute  Solutions  of  Sodiu7n 

Chloride  (1  per  cent.) 

Globulins. — Coagulated  by  heat,  precij)itated  by  carbonic  acid,  and 
ejusilv  convertible  into  derived  albumens. 

A.  Precipitated  by  saturation  with  sodium  chloride. 

[a)  Coagulated  by  fibrin  ferment. 

1.  Fibrinogen. 

(^})  Not  coagulated  by  fibrin  ferment. 

2.  Fibrinoplastin. — Preci])itated  by  saturation  with  mag- 

nesium sulphate;  forms  fibrin  with  fibrinogen  and 
ferment. 
•3.  Myosin.  Does  not  form  fibrin  with  fibrinogen. 

B.  Not  precipitated  by  saturation  with  sodium  chloride. 

4.    Vitellin. 
ij.    Crystallin. 
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III.   Insoluble  in  Pure  Water  or  Dilute  Sodium  CTiloride,  but  Soluble 

in  Acids  or  Gastric  Juice. 

A.  Soluble  in  dilute  hydrochloric  acid  or  dilute  alkalies. 

(a)  Derived  albumens  or  albuminates  (soluble  in  the  dilute  acid 
-^-one-tenth  per  cent. — in  the  cold). 

1.  Precipitated  by  neutralization  in  presence  of  alkaline 

phosphates. 

Acid  Albumen. — Precipitated  by  satunition 
with  sodium  chloride,  insoluble  in  hot 
spirit. 

2.  Not  precipitated  by  neutralization  in  presence  of  alka- 

line phosphates. 

Alkali  Albumen, — Treated  with  strong  cans- 
tic    potash,     potassium     sulphide    not 
formed;     soluble    in    hot    spirit;     not 
coamdH])le  bv  rennet. 
Casein. — Heated  with  caustic  pot4ish,potassic 
sulphide  is  formed.     Is  coagulated  by 
rennet. 
(li)  Fibrin. — [To  dissolve  in  dilute  hydrochloric  acid  (one-tenth 
))er  cent.)  it  re({uires  to  be  heated  for  several  houi^s  up  to 
40°  or  60°.] 

Not  soluble  in  one-tenth  per  cent,  hydrochloric  acid 
in  the  cold,  this  only  causing  it  to  swell  up,  but  readily 
dissolved  on  the  addition  of  a  little  pepsin. 

Gives  a  blue  coloration  with  freshly-prepared  tincture 
of  guaiacum  and  hydric  })eroxide. 

li.  Insoluble  in  dilute  acids  and  alkalies,  but  easilv  soluble  when  digested 
with  gastric  or  pancreatic  juice,  forming  peptones. 

Coagidated  Albumen. — The  protein   reactions  are  easily 
obtained  with  the  dry  solid. 

C.   Insoluble  in  water,  sodium  chloride,  dilute  acids,  or  gastric  juice; 

soluble  in  the  stronger  alkalies  and  in  strong  hydrochloric  acid. 

Amyloid  Substance. — Gives  a  reddish  color  with  iodine,  a 

blue  with  iodine  and  sulphuric  acid,  and  a  rosy  red 

with  methyl  violet. 


CHAPTER  XX. 

THE    COLLAGENS. 

These  bodies  are  closely  allied  to  the  albumens,  but  when  treated 
with  acids  or  dilute  bases  they  do  not,  like  them,  yield  syntonin.  Ossein 
and  gelatin  are  types.  They  are  poorer  in  carbon  but  mostly  richer  in 
nitrogen  than  the  albuminoids.  A  connnon  property  possessed  by  them 
is  that  of  their  hot  aqueous  solutions  solidify iui^  into  jellies  on  cooling. 

The  alimentary  value  of  gelatinous  bodies  is  still  involved  in  some 
uncertainty.     They  are  stated  by  Majexdie  and  others  to  have  no 
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alimentary  value,  but  others  again  are  of  opinion  that  they  posseas  real 
nutritive  properties,  to  some  extent  forming  a  substitute  for  other  plastic 
material,  and,  therefore,  by  their  axhnixture  with  the  food,  admitting 
without  disadvantage  of  a  diminution  in  the  proteids  (BisCHOFF  and 
Voit).  Even  elastin,  it  is  now  stated,  is  dissolved  by  the  gastric  juice, 
funiishing  peptone  (Etzinger,  Horbaczewski). 


Percentage  com{>osition. 

C. 
499 

H. 
7-3 

N. 

17-2 

0. 
24-9 

S. 
0-7 

Authority. 

;  Ossein     .... 

Fremy  and  Veedeii^ 

,  Gelatin    .... 

500 

6-5 

17-5 

25-4 

0-6 

Fremy  and  Scliepeb. 

>  Choudrin     .     .     . 

1 

f  49-3 
\  47-7 

6-6 
6-7 

144 
13-8 

29-3 
310 

0-4 
0-6 

Mulder. 
Landwehr. 

!  Mucin     .... 

52-2 

70 

12-6 

28-2 

HoppE  Seyleb. 

Elastin    .... 

1  55-5 

7-4 

16-7 

20-4 

HoppE  Seyler. 

I  54-3 

6-9 

1 

16-7 

21-4 

Horbaczewski. 

The  chief  collagens  are  ossein^  gelatin^  and  chondrin;  an  allied 
})odv  is  mucin,  and  according v  for  convenience  sake  it  will  be  described 
at  the  same  time,  as  also  elastin. 

I.  GELATIN  {Grlutln). — When  some  (h*ied  and  purified  powdered 
bone  is  digested  with  dilute  hydrochloric  acid  (10  per  cent.),  the  earthy 
salt^  will  be  slowly  removed  and  the  body  called  ossein  will  remain  behind. 
Dry  bones  yield  29  to  30  per  cent,  of  this  body.  It  is  insoluble  in 
water,  hot  or  cold,  but  when  heated  in  a  Papin's  digester  it  is  dissolved 
and  yields  gelatin ;  indeed,  ossein  and  gelatin  have  almost  the  same 
compositicm,  and  by  boiling  ossein  with  water  it  is  very  rapidly  and 
completely  changed  into  gelatin.  It  does  not,  however,  yield  glucose 
when  boiled  with  acidulated  water. 

Collagen  is  the  name  given  to  the  sul)stance  of  which  white  fibrous 
connective  tissue  consists,  although  it  is  not  present  in  their  embryonic 
condition.  The  action  of  })oiling  water  converts  it  into  gelatin.  After 
30  hours'  boilin^r  (-ollaijen  no  hm^rer  ijelatinizes,  but  is  resolved  into  two 
peptones,  one  insoluble  in  alcohol  and  precipitated  by  platinic  chloride 
(semii/lutin),  the  other  soluble  in  alcohol  })ut  precipitated  by  the  platinum 
salt  (hemicolUn) — Cif^^Hi^yNgiC),^^  [collagen)  =  Cr^Jl^^^ ^^0,22  {scmiglutin) 
+  C^7}L„Nij(),9  [hemicolUn)  (Hufmkisteu). 

To  prepare  the  collagen  pieces  of  tt^ndoTi  are  sliced  thin,  soaked  for  some 
time  in  cola  water,  then  lor  several  days  in  weak  lime  or  barj^ta  water;  after- 
wards wa«hed  in  water,  then  in  very  dilute  acetic  acid,  and  agjiin  in  water. 
The  residue  thus  obtained  is  collagen  mixed  with  some  ehtstic  ti.ssue. 

The  collagen  and  ossein  appear  to  be  closely  allied,  if  not  identical. 

Lonjx-continued  boiling  of  white  fibrous  tissue,  skin,  or  bone  yiehls, 
as  we  have  seen,  a  watery  solution  of  gelatin,  (jelatin  is  later  in  its 
appearance  than  either  mucin  or  chondrin,  for,  while  certjiin  embr3'onic 
tissues  vield  mucin  and  chondrin  on  boilinij,  thev  i'ive  no  i'elatin,  thou^jh 
this  replaces  them  when  these  tissues  have  undergone  development. 

Pure  gehitiii  is  prepared  from  commercial  gelatin  by  soaking  the  latter 
several  days  in  distilled  water,  which  is  changed  from  time  to  time.  It  will 
then  have  swollen  up  considerably,  and  is  next  to  be  dissolved  in  distilled  watijr 
with  the  aid  of  heat.  After  the  solution  has  stood  some  time,  to  allow  any 
sediment  present  to  fall,  it  is  filtered  hot  into  90  per  cent,  alcohol,  when  the 


THE   COLLAGENS.  126 

gelatin  will  separate  in  thready  masses.    These  are  to  be  collected,  cut  fine,  and 
dried,  first  in  the  air  and  then  over  a  water  bath. 

It  is  also  readily  prepared  by  dissolving  isinglass  in  dilute  hydrochloric 
acid,  and  dialysing  the  solution. 

Properties. — In  the  pure  state  gelatin  is  slightly  yellowish  or 
almost  colorless,  transparent,  vitreous,  and  tasteless;  it  swells  in  cold 
water  without  dissolving,  but  is  readily  soluble  in  hot  water  or  hot 
glycerin,  the  solution  settinf/  or  gelatinizing  on  cooling,  even  one-tenth 
per  cent,  solutions  possessing  this  property ;  but  long-continued  boil- 
ing, either  alone  or  after  the  addition  of  a  little  nitric  or  acetic  acid, 
or  heating  up  to  140°  in  a  sealed  tube,  destroys  this  power  of  setting. 
Gelatin  is  soluble  in  dilute  acetic  or  other  acids,  but  is  insoluble  in  oils, 
alcohol,  and  ether.  Its  watery  solutions  polarize  to  the  left  (about 
130°  at  30°). 

Solutions  of  gelatin  take  up  more  calcic  phosphate  than  does  pure 
water.  Its  alkaline  solutions  dissolve  cupric  oxide  with  a  violet  color, 
which  on  long  boiling  becomes  yellowish  red,  but  without  any  separation 
of  reduced  oxide,  as  this  is  soluble  in  alkaline  gelatin  solutions:  its 
presence,  therefore,  interferes  with  Trommer's  test  for  sugar. 

In  the  direct  sunlight  gelatin  combines  with  potassic  chromate, 
forming  a  yellow,  insoluble,  amorphous  mass. 

Derivatives. — As  the  result  of  putrefaction  gelatin  is  decomposed, 
and  among  the  products  we  have  a  little  leiicin  and  much  glycocin, 
ammonia  and  some  of  the  fatty  acids  also  being  present,  but  no  tyrosin. 

When  1  part  of  gelatin  is  boiled  w4th  4  parts  of  sulphuric  acid  and 
12  parts  of  water  for  36  hours,  excess  of  milk  of  lime  or  baryta  then 
added,  the  whole  boiled  and  filtered,  the  filtrate  acidified  with  sulphuric 
acid,  again  filtered  and  evaporated  to  a  small  bulk,  granular  crysUils  of 
glycocin  or  amido-acetic  acid  (CjHjNOj)  will  be  obtained.  These  form 
rhombic  transparent  prisms  that  possess  a  sweetish  taste  and  are  in- 
soluble in  alcohol  and  ether.  By  the  prolonged  action  of  hydrochloric 
acid  at  38°,  or  of  acid  pepsin,  a  gelatin  peptone  is  obtained  which  is 
diffusible  but  no  longer  gelatinizes. 

Further,  if  boiled  some  hours  with  strong  caustic  potash^  then 
neutralized  with  sulphuric  acid,  evaporated  to  a  small  bulk,  and  the 
residue  extracted  with  hot  alcohol,  leuein  will  be  obtained  on  evapo- 
rating the  alcohol. 

Tests. — 1.  Gelatin  solutions  are  precipitated  by  mercuric  and  platinic 
chlorides,  tannic  acid,  alcohol,  and  chlorine  water,  the  precipitates  being 
more  or  less  viscid  and  slimy,  separating  imperfectly,  and  insoluble  in 
alcohol,  ether,  and  water,  but  soluble  in  the  alkalies.  With  the  mercuric 
chloride  and  tannic  acid  the  precipitates  are  insoluble. 

2.  Gelatin  is  not  precipitated  from  its  watery  solutions  by  acids, 
acetate  of  lead,  or  by  alum. 

3.  By  its  property  of  gelatinizing  it  is  possible  to  identify  gelatin 
if  its  solution  is  not  too  dilute. 

4.  Gelatin  is  distinguished  from  a  proteid  by  giving  no  precipitate 
with  acetic  acid  and  potassic  ferrocyanide,  or  with  most  metallic  salts ; 
and  from  chondrin  by  not  being  precipitated  by  acetic  acid.  Watery 
solutions  polarize  to  the  left  to  a  less  extent  than  solutions  of  chondrin. 
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II.  CHOliDEIN. — When  the  permanent  cartilages  are  boiled  chon- 
drin  is  obtained  as  the  product;  it  is  derived  from  the  intercellular 
substance  and  the  capsules,  but  not  from  the  cells  themselves.  A 
somewhat  similar  body  is  obtained  by  boiling  the  cornea.  The  name 
chondrogen  is  given  to  the  material  of  which  this  intercellular  substance 
is  composed,  just  as  the  name  collagen  is  applied  to  the  constituent 
principle  of  white  fibrous  tissue  which  yields  gelatin  on  boiling. 

Preparation. — Boil  some  costal  cartilage  for  about  half  an  hour,  then 
detach  the  perichondrium  and  cut  the  cartilage  into  as  small  pieces  aa  possible, 
which  are  to  be  macerated  some  hours  in  cold  water  and  then  heated  up  to  120° 
for  two  or  three  hours  in  a  Papin's  digester  under  a  pressure  of  two  or  three 
atmospheres,  or  boiled  instt^ad  for  24:  to  48  hours  or  so  at  ordinary  pressures. 
Filter  the  hot  extract  rapidly,  evaporate  the  tiltrate,  and  after  treating  the 
residue  with  cold  water  dry  and  reduce  it  to  powder,  and  having  boiled  it  with 
alcohol  dry  it  again.  Or  acetic  acid  can  be  added  to  the  filtrate,  and  the  pre- 
cipitated chondrin  can  be  exhausted  with  alcohol  and  ether,  and  then  dried 
(HopPE  Seyler). 

Properties. — Dry  chondrin  forms  a  hard,  translucent,  yellowish 
mass,  insoluble  in  alcohol  and  ether,  swelling  up  in  cold,  but  dissolving 
in  hot  water  and  alkaline  solutions.  Like  gelatin  the  solution  of 
chondrin  in  hot  water  sets  when  the  solution  cools,  but  by  prolonged 
ebullition,  or  by  treatment  with  alkalies,  solutions  of  both  bodies  lose 
this  property.  A  watery  or  alkaline  solution  has  a  polarizing  power 
==  — 213-5°,  but  as  high  as  — 552°  with  excess  of  alkali  (Hoppe 
Seyler). 

Derivatives. — Chondrin  is  closely  allied  in  its  characters  to  gelatin, 
as  they  both,  when  decomposed  by  boiling  with  baric  hydrate,  give  the 
same  products,  except  that  chondrin  yields  three  times  as  much  acetic 
acid  as  gelatin;  but  when  decomposed  w^ith  sulphuric  acid  chondrin 
only  yields  leucin  and  little  or  no  tyrosin  and  glycocin.  Chondrin 
also,  on  being  boiled  a  long  time  with  hydrochloric  or  sulphuric  acids, 
or  when  digested  with  gastric  juice,  furnishes  a  substance  resembling 
an  acid  albumen,  as  well  as  a  nitrogenous  body  (chondroglucose) 
capable  of  reducing  cupric  sulphate  in'  alkaline  solutions,  crystallizing 
and  fermenting,  however,  with  difficulty,  and  polarizing  to  the  left 
(BOdecker);  accordingly  it  may  be  regarded  as  a  nitrogen-holding 
glucoside.     In  this  respect  mucin  resembles  chondrin. 

Chondrin  can  be  changed  into  gelatin  under  the  influence  of  oxi- 
dizing agents  (Brame);  and  in  the  organism  a  similar  change  occurs, 
as  when  cartilage,  yielding  chondrin,  gives  place  to  bone,  yielding 
gelatin.  But  chondrin  is  something  more  than  3  per  cent,  poorer  in 
nitrogen  than  gelatin.  In  spite,  however,  of  these  points  of  difference 
there  seems  some  probability  in  Morochowitz's  opinion  that  chondrin 
and  gelatin  are  identical,  chondrin  only  differing  from  gelatin  in  being 
a  mixture  of  this  body  with  mucin  and  salts. 

Characteristics  and  Tests. — 1.  Chondrin  as  well  as  gelatin  are  dis- 
tinguished from  albumen  in  that  their  solutions  in  acetic  or  phosphoric 
acids  are  not  precipitated  by  potassic  ferrocyanide,  and  they  are  both 
precipitated  by  alcohol  and  chlorine  water. 

2.  Dilute  mineral  acids  precipitate  it  readily,  but  the  precipitates 
are  readily  soluble  in  excess. 
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3.  The  Organic  Acids. — Acetic  acid  gives  a  white  precipitate, 
which  is  insoluble  except  in  a  very  large  excess;  but  the  precipitate 
does  not  occur  in  presence  of  neutral  salts  of  the  alkalies  or  alkaline 
earths,  and  sometimes  not  with  impure  solutions. 

Tartaric^  citric^  and  oxalic  acids  have  the  same  action,  but  the 
oxalic  acid  precipitate  is  soluble  in  excess. 

Tannic  acid  gives  no  precipitate,  only  an  opalescence. 

4.  The  salts  of  most  of  the  heavy  metals,  as  lead,  copper,  silver,  and 
iron,  give  precipitates  that  are  wholly  or  partly  soluble  in  excess.  The 
lead  precipitate  is  insoluble  in  excess,  and  no  precipitate,  but  only  an 
opalescence  is  given  with  mercuric  chloride. 

5.  Alum,  which  gives  no  precipitate  with  gelatin,  precipitates  chon- 
drin,  but  the  precipitate  disappears  on  the  addition  of  excess  of  alum. 

III.  MUCIK. — This  body  is  contained  in  the  cement  substance  of 
the  connective  tissues,  but  it  is  specially  abundant  in  the  embryonic 
condition  of  these  tissues  and  in  the  jelly-like  variety ;  it  is  met  with 
also  in  the  cement  between  the  cells  of  the  epidermis,  and  is  likewise 
one  of  the  excretion  products  of  the  protoplasm  of  the  epithelial  cells 
lining  mucous  surfaces,  and  of  the  secreting  mucous  cells  of  the  sub- 
maxillary and  sublingual  glands ;  it  is  further  largely  present  in  the  bile. 

Its  structure  is  unknown,  and  the  comjwsition  assigned  to  it  varies, 
but,  according  to  Eichwald  and  Sciierer,  its  average  percentage  com- 
position may  be  taken  jis  C=49-5,  H=6-7,  N=9-6,  0=34-2.  Dry 
mucin  yields  about  2*44  per  cent,  of  ash,  and  contains  no  sulphur. 

Mucin  is  a  nitrogenous  glucoside,  and  it  is  probably  an  albumen 
derivative.     Hoppe  Seyler,  indeed,  now  classifies  it  with  the  albumens. 

Preparation. — 1.  Cut  the  submaxillary  glands  of  an  ox  into' small  pieces, 
and  after  washing  these  in  a  little  water  digest  them  for  some  time  in  wator, 
then  filter  and  precipitate  the  mucin  in  the  filtrate  with  acetic  acid ;  collect  on 
a  filter  and  wanh  thoroughly  with  water;  next  dissolve  the  precipitate  with 
milk  of  lime,  filter,  and  add  acetic  acid ;  the  mucin  thus  precipitated  is  to  be 
washed  with  water,  and  then  with  alcohol  and  ether  in  succession. 

Or  the  cleaned  glands  are  minced  and  rubbed  up  with  powdered  glitss,  the 
mass  covered  with  water  and  filtered  after  12  hours,  and  the  extraction  re- 
peated. The  filtrate  is  precipitated  with  excess  of  acetic  acid,  the  separated 
mucin  washed  with  water  and  a  little  acetic  acid,  then  with  warm  alcohol,  and 
finally  dried  (Obolensky). 

2.  Digest  finely-divided  tendon  with  distilled  water,  and  then  with  large 
quantities  of  lime  or  baryta  water,  from  which  the  mucin  is  subsecjuently  pre- 
cipitated by  acetic  acid ;  filter  and  wash  the  i)recipitate  with  water  and  dilute 
spirit  (ROLLETT). 

3.  To  extract  mucin  from  bile  add  to  the  bile  its  own  volume  of  spirit  (85 
per  cent.)  ;  the  mucin  is  precipitated  ;  separate  it  by  decantation  and  wash  with 
more  spirit.  Dissolve  up  the  mucin  in  lime  or  baryta  water,  filter  after  some 
time,  and  reprecipitate  by  excess  of  acetic  acid ;  collect  on  a  filter,  and  wash  it 
there  with  water,  alcohol,  and  ether. 

Properties.— Mucin  generally  presents  itself  in  white  or  yellow 
thready  and  tenacious  masses.  It  swells  up  in  water  without  dissolving, 
but  being  readily  miscible  with  it ;  if  boiled  with  the  water,  however, 
for  some  time,  a  little  of  the  mucin  enters  into  imperfect  solution.  It  is 
soluble  in  dilute  hydrochloric  acid  (5  per  cent.),  in  pancreatic  juice,  and 
in  weak  alkaline  solutions,  but  insoluble  in  alcohol,  ether,  chloroform, 
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dilute  acetic  acid,  very  dilute  mineral  acids  (1  per  cent,  hydro- 
chloric), or  gastric  juice.  Acetic  acid  causes  it  to  shrink,  and  caustic 
potash  renders  it  at  first  more  thready  and  then  dissolves  it. 

Its  neutral  solutions  are  not  coagulated  by  heat,  and  to  these  solu- 
tions it  communicates  a  certain  degree  of  viscosity,  even  when  present 
in  small  amount. 

Its  solutions  are  precipitated  by  alcohol,  alum,  basic  acetate  of  lead, 
acetic  acid,  and  the  dilute  mineral  acids,  being  soluble,  however,  in 
excess  of  the  last ;  they  are  not  precipitated  by  cupric  sulphate,  mer- 
curic chloride,  or  potassic  ferrocyanide,  but  when  the  last  salt  is  added 
to  a  boiled  solution  of  the  mucin  in  glacial  acetic  acid  a  white  precipitate 
is  formed. 

Mucin  gives  a  rosy  red  coloration  with  Millon's  reagent,  and  a 
yellow  color  with  nitric  acid.  Like  grape  sugar  its  presence  renders  the 
precipitate  given  by  the  caustic  alkalies  with  cupric  sulphate  soluble  in 
excess,  but  leads  to  no  change  of  color  on  boiling  the  solution. 

Derivatives. — Mucin  is  decomposed  when  boiled  with  a  dilute  mineral 
acid  like  sulphuric  into  an  acid  albuminoid  material  and  a  body  like 
sugar  in  its  reducing  powers,  but  not  fermentable  (Eichwald).  When 
boiled  for  a  considerable  time  with  sulphuric  acid  diluted  with  its  own 
weight  of  water,  leucin  and  tyrosin  are  obtained  in  abundance,  as  well 
as  about  7  per  cent,  of  the  compound  ammonias  (StAdeler).  Eich- 
wald's  mucin  peptone  is  obtained  by  dissolving  mucin  in  excess  of 
lime  water,  boiling  the  solution  until  it  gives  no  precipitate  with  acetic 
acid,  then  passing  a  current  of  carbonic  acid  gas  through  the  solution, 
filtering,  evaporating  the  filtrate  to  a  small  bulk,  and  precipitating  with 
alcohol. 

In  the  annexed  table  gelatin,  chondrin,  and  mucin  are  compared. 


Gelatin. 


1.  Acetic  acid    . 


3.  Tannic  acid  . 

4.  Acetatt  of  lead 

5.  Alum 


•         • 


2.  Mineral  acids    . 


Gives  no  precipi- 
tate, but  dissolves 
in  the  acid ;  is 
precipitated  Irom 
its  solution  when 
warmed  with  the 
alkaline  salts. 

No  precipitate. 


Chondrin. 


Mucin. 


A  precipitate  solu- 
ble in  solutions 
of  the  alkaline 
salts. 


j  6.  Mercuric  chloride 

;  7.  When  decom- 
posed by  boiling 
dilute  acids. 


A  yellowish  precip- 
itate. 
No  precipitate. 


No  precipitate. 

An  abundant  white 

precipitate. 
Leucin  and  glyco- 

cin    formed ;    no 

sugar. 


A  precipitate  solu- 
ble in  excess  and 
in  neutral  saline 
and  alkaline  solu- 
tions. { 

Only  an  opales- 
cence. 

A    heavy    precipi- 
tate, partly  soln-  I 
ble  in  excess.         | 

A  precipitate  solu- 
ble in  excess. 

No  precipitate,  only 
an  opalescence. 

Leucin,  but  no  gly- 
cocin  formed ;  also 
chondroglucose. 


A  precipitate  not 
soluble  in  solu- 
tions of  the  alka- 
line salts. 


A  precipitate  solu- 
ble in  excess. 


Precipitated  by 
basic  acetate  bf 
lead. 

A  precipitate. 

Only  a  slight  tur- 
bidity. 

Leucin  and  tyro- 
sin and  a  body 
like  chondroglu- 
cose make  their 
appearance. 
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Pathology, — In  certain  abnormal  affections  included  under  the  term 
myxoedema,  there  is  generally  observed  a  jelly-like  swelling  of  the  connective 
tissue  due  in  part  to  an  increase  in  its  cement  substance  (Ord). 

To  obtain  this  mucin,  mince  the  skin  finely  and  digest  with  water  for 
several  days,  filter,  and  precipitate  the  filtrate  with  excess  of  acetic  acid ;  sep- 
arate the  precipitate  after  several  hours  have  elapsed,  then  dissolve  it  in  lime 
or  baryta  water,  and  after  twenty-four  hours  reprecipitate  with  acetic  acid. 
The  precipitate  thus  obtained  is  to  be  washed  with  water,  alcohol,  and  ether, 
and  subsequently  dried. 

It  is  sometimes  an  advantage  to  immerse  the  skin  in  methylated  spirit  for 
several  days,  and  then  to  digest  at  once  in  baryta  water. 

lY.  ELASTICIN  or  ELASTIN  is  the  name  given  to  the  substance 
composing  the  fibres  of  yellow  elastic  tissue.  Although  it  is  very  closely 
related  to  keratin  it  will  be  described  here  for  the  sake  of  convenience. 

To  prepare  it  cut  the  ligamentum  nuchas  of  a  giraffe,  horse,  or  ox  into 
thin  pieces,  and  exhaust  them  successively  with  ether,  hot  alcohol,  boiling 
water,  strong  acetic  acid,  and  10  per  cent,  caustic  soda,  allowing  the  boiling  in 
the  water  to  continue  for  at  least  36  hours,  or  for  a  shorter  time  at  a  tempera- 
ture of  120°  in  sealed  tubes,  and  for  about  6  hours  in  the  acetic  acid.  After 
the  action  of  the  soda  the  tissue  remaining  is  again  boiled  with  dilute  acetic 
acid,  then  well  washed  in  water,  and  afterwards  placed  24  hours  or  so  in  dilute 
hydrochloric  acid  to  neutralize  the  alkali ;  finally  the  acid  is  removed  by  wash- 
ing the  residue  in  hot  water. 

Properties. — The  elasiicin  thus  obtained  appears  as  a  brittle  yellowish 
mass,  which  recovers  its  elasticity  and  fibrous  appearance  if  soaked  in 
dilate  acetic  acid.  If  digested  for  12  hours  or  so  with  strong  boiling 
caustic  potash  a  brownish  solution  is  obtained,  which,  if  neutralized 
with  sulphuric  acid,  will  give  a  precipitate  with  tannic  acid.  It  dis- 
solves in  strong  nitric  and  sulphuric  acids,  and  the  solution,  if  warmed, 
yields  30  to  40  per  cent,  leucin  but  no  ty rosin. 

The  percentage  composition  of  elastin  (C  54*32 ;  H  6*99  ;  N  16*75  ; 
ash  0*5 — ^Etzinger)  as  well  as  some  of  its  reactions,  such  as  the  red 
coloration  with  Millon*s  reagent,  seem  to  indicate  its  derivation  from, 
and  its  close  connection  with,  the  albumens. 


CHAPTER  XXI. 

LEUCIN  AND  TYROSIN 

These  two  bodies,  which  are  important  proteid  derivatives,  will  be 
here  described  in  detail. 

LET7CIN  or  Amido-caproic  Acid  rC6HiJNH2)02  or  aHi3N02= 

r  C  H  NH  "1  ^  .  . 

\  CO  OH   ^    '  belongs  to  the  fatty  bodies  and  is  found  in  many  of  the 

organic  tissues,  particularly  the  pancreas,  spleen,  thymus,  salivary 
glands,  and  also  in  the  lungs  and  brain.  It  is  a  constant  decomposition 
product  of  albumen  and  nitrogenized  substances,  as  horn,  etc.,  and  can 
be  obtained  from  any  of  these  by  the  action  of  alkalies  or  acids,  or  as 
the  result  of  trypsin  digestion  or  of  decomposition.  If  cheese,  for 
9 
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example,  ia  iiioiateneii  ami  allowed  to  decompose,  leucin  will  be  formal 
and  can  be  removed  from  tbe  decomposing  mafis  by  the  action  of  water^ 

TyroBin  frequently  accompanies  Icucin,  particularly  in  urine,  bat 
the  gelatinous  tissues  furnish  no  tyrosiu. 

Reparation. — 1.  Di^t  the  following  misture  for  6  hours  at  46°  :  fibrin 
and  bullock's  pancreas  1  kilo,  each,  water  6  litres,  thymol  4  to  li  (rrauis.  Then 
boil  and  acidulate  with  amtia  acid,  fitter,  and  evaporate  the  filtrate,  when  leau'in 
and  tyrosin  nil!  separate.  The  deposit  is  to  be  collected,  and  by  heating  it 
with  water  leucin,  which  dissolves  readily,  can  be  separated  from  the  Qrosin, 
which  is  not  so  soluble. 

2.  Shavings  of  horn  form  an  easy  source.  Boil  a  quantity  of  these  shavings 
for  3  or  4  hours  in  twice  their  weight  of  dilute  sulphuric  acid  (20  per  cent.)  in 
a  vessel  connected  with  a  condenser ;  then  treat  with  excess  of  milk  of  lime  or 
chalk,  and  boil  again  for  the  same  period  as  previously  ;  now  filter,  attd  after 
the  addition  of  a  slight  excess  of  sulphuric  add  filler  again.  The  filtrate  con- 
ceutrated  by  evaporation  is  aet  aside  to  crystalliee.  Purify  tbe  crystals  by 
boiling  them  with  water  and  lead  hydrate,  filter,  pasa  sulphuretted  hydrogen 
through  the  filtrate  to  separate  tbe  lead,  filter  again,  and  evaporate  the  filtrate 
to  dryness.  The  residne,  when  dissolved  in  boiling  dilute  spirit,  and  the  solu- 
tion cooled  and  evaporated  down  to  a  small  bulk,  will  give  crystals  of  leucin. 

3.  Fuse  dried  albumen  with  its  own  weight  of  caustic  potash,  and  when  a 
well-marked  yellow  color  is  attained  allow  the  mass  to  cool,  and  then  digest  it 
in  water ;  filter  after  some  time,  aoidifj  the  filtrate  slightly  with  aeetie  add, 
and  concentrate  to  a  small  bulk :  tyrosin  is  first  deposited,  and  then  leucin  (  BOFP). 

Properties. — It  generally  presents  itself  in  white  shining  lamellEP, 
that  are  futty  to  the  touch,  insoluble  in  ether  and  chloroform,  easily 


soluble  in  alkalies 


soluble  in  the  sikme  fluids  when 


Fia.  15.— ('nv! 
(Crjitnla  of  krcaanin  eUlnriflei 
cryi^rnlft  Aguiol  lowarda 

boiling.  Leucin  is  not  very  soluble  in  cold  w&ter  or  spirit.  It  c 
tallizes  fi'om  its  aqueous  solutions  in  slightly  refracting,  more  or  !i 
brown-tinted  spherical  masses,  that  exhibit  a  tine  radial  strlation  often 
associated  with  the  appearance  of  concentric  rings ;  these  balls  arc  made 
up  of  a  great  series  of  concentrically  grouped,  very  thin,  white,  glisten- 
ing plates  or  tine  needles.  When  pure,  tJie  crystals  are  generally  flat, 
thin  and  white ;  but  the  rounded  lumps  are  more  frequent  when  the 
leucin  is  at  all  impure. 

It  sublimes  unchanged  at  a  moderate  heat  with  the  odor  of  amyla- 
raine.  and  condenses  in  woolly  masses  consisting  of  extremely  thin 
rhombic  plates,  grouped  in  rosettes. 

Leucin  forms  easily  soluble  salts  with  hydrochloric,  nitric,  ( 
sulphuric  acids;  it  combines  alao  with  tbe  salts  of  lead  and  silver. 
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Tests. — 1.  Place  a  few  crystals  on  platinum  foil,  add  a  drop  of  ni- 
tric acid,  and  evaporate  gently;  heat  the  colorless  residue  after  the 
addition  of  a  few  drops  of  caustic  soda:  a  yellow  or  brown  mass  is 
obtained,  which  forms  an  oily  drop  (Scherer). 

2.  Boil  a  dilute  solution  with  excess  of  cupric  hydrate,  and  on 
cooling  bright  violet  scales  are  deposited. 

7b  detect  in  Uritie. — Evaporate  the  urine  to  dryness ;  treat  the  residue 
with  cold  absolute  alcohol  and  then  extract  it  with  boiling  spirits :  leucin  crys- 
tallizes from  this  on  cooling.  Examine  the  deposit  under  the  microscope  after 
24  hours.  The  leucin  bails  may  be  confounded  with  those  of  urate  of  am- 
monia, but  the  latter  have  a  darker  conU)ur  and  are  scarcely  soluble  in  alcohol. 
The  deposit  may  be  dissolved  in  water,  basic  lead  acetate  added  in  excess,  fil- 
tered, and  sulphuretted  hydrogen  passed  through  the  filtrate  to  separate  excess 
of  lead ;  the  filtrate  from  this  last  is  evaporated  to  dryness,  and  the  residue 
boiled  with  strong  spirit,  which  dissolves  up  the  leucin  but  deposits  it  on 
cooling.  A  Uttle  of  the  leucin  thus  prepared  is  to  be  carefully  dried  and  sub- 
limed in  a  small  tube :  it  is  deposited  in  woolly  masses,  part  of  it,  however, 
being  decomposed  and  evolving  the  smell  of  amylamine. 

7b  Separate  Leucin  from  Organs  in  which  it  is  Contained. — Cut  up  the 
organ  (a  pancreas,  for  example)  into  little  bits,  add  water,  and  rub  up  thor- 
oughly with  finely  broken  glass  in  a  mortar;  now  express  firmly  through  a 
cloth,  and  having  acidified  the  watery  extract  with  acetic  acid,  boil  and  filter 
to  separate  the  precipitated  albumen ;  add  banic  acetate  of  lead  to  the  filtrate, 
filter  again,  and  separate  any  lead  in  the  filtrate  with  hydric  sulphide.  The 
filtrate  from  the  last  Is  evaporated  to  a  syrup,  treated  with  strong  boiling 
alcohol,  and  the  alcoholic  extract  evaporated  to  dryness. 

Pathology. — Both  leucin  and  ty rosin  may  present  themselves  in 
urine  in  acute  yellow  atrophy  of  the  liver,  and  in  malignant  jaundice 
the  crystals  of  both  bodies  may  be  found  in  the  hepatic  veins.  In  the 
urine  it  may  also  be  met  with  in  severe  cases  of  typhus  and  variola 
(Winiwarter),  and  in  acute  phosphorus  poisoning;  occasionally  also 
after  epileptic  fits  and  brain  injuries,  and  in  leucocytluBmia.  In  a 
few  cases  both  bodies  have  been  seen  in  the  saliva  and  bile. 

TYEOSIN  [C9HnN03=C6H,<(.^Pf^^j^j^^>l(,Q^^-j  jg  ^  i^ember  of 

the  aromatic  group  derived  from  benzine  (CgHg).  It  may  be  regarded 
as  an  alanin  in  which  hydrogen  is  replaced  by  oxyphenol.  As  a  nor- 
mal constituent  of  the  body  it  does  not  probably  exist  except  as  a  pro- 
duct of  pancreatic  digestion  (Radzie.jewsky). 

Almost  all  proteids  furnish  this  body  under  the  action  of  strong 
oxidation  agents ;  thus  it  is  obtained  by  the  decomposition  of  albumen, 
gelatin,  horn,  elasticin,  and  mucin  under  the  action  of  acids  and  alka- 
lies, and  by  the  pancreatic  digestion  of  albumens,  etc.,  it  has  likewise 
been  prepared  synthetically  (Erlexmeyer). 

Preparation. — 1.  From  Horn  Shavings.  Boil  1  kilo,  with  2  kilos. 
strong  sulphuric  acid  and  10  kilos,  water  for  16  hours;  dilute  the  hot  ma-ss 
with  three  times  its  volume  of  water,  and  neutralize  with  thin  milk  of  lime ; 
filter  and  wash  the  precipitate  with  boiling  water.  Evaporate  the  filtrate  and 
washings  to  half  their  volume,  acidify  with  sulphuric  acid,  and  filter  again ; 
add  acetate  of  lead  in  excess  to  the  filtrate,  filter,  piuss  hydric  sulphide  through 
the  filtrate,  and  after  having  boiled  for  some  time  throw  upon  a  filter,  and 
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evaporate  this  last  filtrate  until  crystallization  begins,  assisting  the  process  by 
the  addition  of  some  acetic  acid.  To  purify  the  crystals  dissolve  them  in  water, 
treat  the  solution  with  acetate  of  lead,  separate  the  lead  by  a  current  of  sul- 
phurctt<3d  hydrogen  and  subsequent  filtmtion,  and  evaporate  the  filtrate;  the 
crystalline  residue  may  be  further  purified  by  recrystallization  from  ammonia. 
2.  Preparation  hy  Pancreatic  Digestion. — Take  the  pancreas  of  an  animal 
that  has  been  killed  some  5  or  6  hours  aft^r  a  large  meal,  dry  it  rapidly  be- 
tween some  folds  of  blotting-paper  and  weigh  it;  then  cut  it  into  pieces  and 
rub  up  in  a  mortar  with  1 0  times  their  weight  of  raw  fibrin ;  now  add  about 
15  times  the  weight  of  the  mixture  of  warm  water  (-45°),  and  transfer  the 
whole  to  a  hot  chamber  the  temperature  of  which  is  steadily  maintained  a  little 
below  50°,  the  mixture  being  stirred  from  time  to  time ;  and  after  5  hours  or 
so  any  albumen  present  is  separated  by  acidifying  with  acetic  acid,  boiling,  and 
filtering  through  linen.  The  filtrate  is  to  be  quickly  reduced  to  a  syrup  by 
evaporation,  poured  hot  into  a  flawk,  and  alcohol  added  till  an  evident  precipi- 
tate is  formed.  Filter  after  some  time  and  evaporate  the  filtrate  to  a  .small 
bulk.  This  concentrated  filtrate  must  now  be  set  aside  in  a  cool  place  for  a 
couple  of  days,  and  then  the  precipitate  is  to  be  collected  on  a  filter  and  washed 
with  cold  water.  Leucin  and  tyrosin  are  both  present  in  the  crystalline  mass. 
By  washing  the  deposit  well  with  water  at  50°  the  lucin  is  separated,  and  by 
dissolving  the  residue  in  hot  water  and  repeatedly  crystallizing  this  deposit 
from  its  solution  in  ammonia  the  tyrosin  will  be  obtained  in  tolerable  purity. 

Properties. — Tyrosin  appears   mostly  in  fine,  long,  white,   silky 
needles,  occurring  generally  in  sheaf-like  bundles  or  rosettes,  but  ap- 


Fio.  16.— TvRosiN  Crystals. 


pearing  frequently  as  a  deposit  of  yellowish  green  crystalline  globules, 
which  dissolve  in  hot  dilute  ammonia,  but  are  deposited  on  cooling  the 
solution  in  brilliant  colorless  needles^  generalhj  grouped  in  radiated 
stars.     The  crystals  somewhat  resemble  those  of  liypoxanthin. 

Heat  decomposes  it,  so  that  it  does  not  sublime  like  leucin.  It  is 
insoluble  in  absolute  alcohol  and  ether,  almost  insoluble  in  cold  water, 
and  slightly  soluble  in  hot  water,  but  readily  soluble  in  the  mineral 
acids,  in  w^arm  dilute  ammonia,  and  the  other  alkalies  and  alkaline 
carbonates;  soluble,  however,  with  difficulty  in  acetic  acid.  It  com- 
bines with  acids  and  metallic  bases,  as  CyHuNOg.IlCl,  CjjHjjjNaXOj, 
and  C9HjoAgN03. 

Tests. — 1.  Pour  a  few  drops  of  strong  sulphuric  acid  over  a  little 
tyrosin  in  a  porcelain  dish  or  a  watch  glass ;  heat  gently  for  some  time 
over  a  water  bath,  and  lay  aside  covered  for  half  an  hour;  then  dilute 
with  water  and  saturate  by  rubbing  it  with  a  little  carbonate  of  lime  or 
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baryta,  filter,  and  evaporate  to  a  few  c.c,  and  filter  again  from  any 
carbonate  of  baryta  that  may  separate.  Now  treat  the  filtrate  with  a 
little  very  dilute  neutral  ferric  chloride  solution,  and  a  marked  violet 
color  appears  (Piria). 

2.  Treat  a  hot  watery  solution  with  a  few  drops  of  Millon's  reagent, 
carefully  avoiding  excess,  and  boil  a  few  minutes :  a  rosy  or  a  dark  red 
color  appears,  and  if  the  solution  is  concentrated  a  dark  red  precipitate 
may  be  formed  (Hoffmann). 

Or  warm  the  tyrosin  solution  with  the  mercuric  nitrate  obtained  by 
the  precipitation  of  mercuric  chloride  with  silver  nitrate. 

3.  Heat  with  a  drop  or  two  of  nitric  acid  (strong  nitric  acid  and 
water,  equal  parts)  on  platinum  foil  or  porcelain,  and  evaporate  at  a 
gentle  heat:  a  shining  yellow  residue  of  brownish  yellow  crystals  of 
nitrotyrosin  nitrate,  C9H9(N02)N03.HN03,  is  obtained;  this  becomes 
reddish  yellow  and  then  brownish  on  the  addition  of  caustic  potash, 
and  leaves  a  brown  residue  on  evaporation  (Scherer). 

Many  other  bodies,  such  as  sarkin,  react  similarly. 

Under  Leucin  it  has  already  been  stated  that  this  body  appears  in 
pathological  conditions  in  the  liver,  pus,  sputum,  etc.,  and  in  the  urine 
in  acute  atrophy  of  the  liver  and  phosphorus  poisoning,  etc. 


BOOK   II. 

DIGESTION  AND  THE  SECRETIONS  CONCERNED. 


CHAPTER  I. 

FERMENTS;  FERMENTATION;  AND  DECOMPOSITION,  OB 

PUTREFACTION. 

Before  considering  the  subject  of  digestion  in  detail  the  oppor- 
tunity may  be  here  taken  of  referring  to  fermentation,  which  has  so 
much  to  do  with  some  of  the  digestive  processes.  And  at  the  same  time, 
to  render  the  matter  more  complete,  brief  reference  will  be  made  to  an 
allied  process,  that  of  decomposition,  in  which  certain  organic  ferments 
play  such  an  active  part. 

FEEMENTS. — The  action  of  these  bodies  was  compared  by  Liebig 
to  that  of  platinum  black  in  determining  the  union  of  a  mixture  of 
hydrogen  and  oxygen.  In  both  fermentation  and  putrefaction  a  new 
arrangement  of  the  elements  occurs,  generally  associated  with  an  assimi- 
lation of  the  components  of  water,  and  resulting  in  the  formation  of  new 
products.  In  putrefaction  offensive  odors  are  evolved  which  is  not  the 
case  with  fermentation ;  and  while  neither  process  can  be  regarded  as  one 
simply  of  oxidation,  the  presence  of  oxygen  appears  to  be  necessary  to 
set  up  the  change. 

All  fermentation  processes  require  also  the  presence  of  water^  and 
a  proper  degree  of  dilution  appears  to  be  more  or  less  essential.  A  free 
acid,  and  that  in  a  very  dilute  form,  .seems  to  be  needed  in  only  a  few 
cases,  as  in  gastric  digestion,  while  in  most  other  fermentation  processes 
an  acid  is  in  the  way,  if  not  positively  hurtful.  The  caustic  alkalies 
also,  if  above  a  very  minute  proportion,  hinder  fermentation  processes 
completely,  and  the  same  may  likewise  be  said  of  the  salts  of  the  heavy 
metals,  as  iron,  lead,  mercury,  etc.,  if  present  in  sufficient  quantity, 
while  some  fermentations  are  prevented  by  the  presence  of  ether,  chloro- 
form, etc. 

Ferments  such  as  pepsin  and  trypsin,  when  dried,  may  be  heated 
up  to  170^  without  their  properties  being  impaired,  but  in  the  moist 
state  a  tem})erature  of  100°  is  sufficient  to  destroy  them  (IltJpPE). 

Pasteuk  distinguishes  two  kinds  of  fermentation,  one  in  which  the 
ferment  does  not  require  the  presence  of  oxygen  (as  the  butyric)  and 
one  in  which  oxygen  is  essential  in  promoting  the  process.  * 

Ferments  may  be  divided  into  the  organized  and  the  soluble.  While 
the  living  organized  ferments,  such  as  yeast,  reproduce  themselves  dur- 
ing their  period  of  activity,  the  soluble  ferments,  such  asptyalin,  pepsin, 
etc.,  do  not  do  so.  All  fermentation  produced  by  an  organized  ferment 
is  arrested  by  hydrogen  dioxide  and  the  ferment  is  killed;  but  the 
soluble  ferments  are  not  acted  on  by  it  (Bert  and  Regnard).  Borax, 
(134) 
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on  the  other  hand,  destroys  the  activity  of  all  soluble  ferments  so 
decidedly  that  it  serves  as  a  test  between  the  soluble  and  the  organized 
class  (Dumas  and  SchI^tzenberger).  As  a  general  rule  it  may  be 
said  that  all  purely  phynological  fermentations  in  the  organism  are 
brought  about  by  the  soluble  ferments,  while  pathological  fermentations, 
on  the  other  hand,  are  due  to  the  organized  series  (Ewald). 

In  classifying  these  fermentation  processes  Hoppe  Seyler's  ar- 
rangement will  be  adopted. 

I.    Change  of  Anhydrides  into  Hydrates. 

A.    Ferments  that  act  like  Dilute  Mineral  Acids  at  a  High 

Temperature, 

1.  The  conversion  of  starch  into  sugar,  or  glycogen  into  dextrin  and  grape 
sugar — 

■l(C.H.A)+3H«0=CH,„()^+3(C.H,,0,). 

glycogen.  dextrin.       grape  sugar. 

2.  The  conversion  of  cane  into  grape  sugar — 

grape  sugar,    sugar  of  fruit. 

3.  The  conversion  of  different  benzol  glucosides  into  sugar  and  simple 
benzol  derivatives  by  the  action  of  emulsin — 

C„H  0,+H,0=C.H„0.+C.II.Ctl,(OH),. 

salicin.  saligeuin. 

B.    Ferments  that  act  like  Caustic  Alkalies  at  a  High  Teynperature — 

FermentMive  Saponification. 

1.  Splitting  up  of  fats  into  glycerin  and  fatty  acids.  The  process  is  favored 
by  the  presence  of  carbonate  of  lime  and  of  neutral  or  alkaline  solutions.  The 
pancreas  contains  such  a  ferment,  but  it  is  so  readily  destroyed  that  it  cannot 
be  separated.  A  similar  ferment  also  seems  to  be  present  in  many  decomposing 
substances. 

2.  Splitting  up  of  amido-compounds  by  hydration  through  decomposition 
ferments;  as — 

C0N,H.+2H,0-=(NII,),C0, 

urea.  amuionic  carbonate. 

C.H,NO,,+ H30==C,H,N0,+ C,n,0, 

lilppuric  acid.  glycin.        benzoic  acid. 

C^H,,NSO,+H,,0=C,H,NSO,+C,.H.A- 

taurocholic  acid.  taurin.  cholic  acid. 

Possibly  the  decompositions  of  albumen  effected  by  trypsin  or  putrefaction 
belong  to  this  category. 

II.  Fermentation  Processes  with  Transferrence  of  Oxygen  from 

the  Hydrogen  to  the  Carbon  Atoms. 
1.  Lactic  Acid  Fermentation. — Various  kinds  of  sugar  and  dextrin,  under 
the  action  of  special  ferments,  SiS  penicillium  glaucum  or  bacterium,  lactis  (Lister), 
are  converted  into  lactic  acid.  A  decomposing  albuminous  substance,  especially 
casein,  water,  and  a  temperature  between  30°  and  35°  are  required ;  the  pres- 
ence of  chalk  or  alkaline  carbonates  favors  the  process  by  neutralizing  the  acid  as 
it  is  formed,  which  would  otherwise  prevent  the  continuance  of  the  fermentation. 
In  the  first  stage  lactic  acid  is  produced — 

CgHj.^Og=2C3Hg03 
C.,H,,0,.+H,0=4CJIA- 
and  in  the  second  stage  butyric  acid,  carbonic  anhydride,  and  hydrogen  being 
evolved — 

2(C,H.O,)=C,HA+2CO,+2H,. 
These  processes,  particularly  the  first,  probably  occur  in  the  intestine. 
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2.  Alcoholic  or  Vinous  FermetUation, — In  this  alcohol  and  carbonic  acid 
are  formed  by  the  conversion  of  sugar  in  presence  of  certain  minate  living  or- 
ganisms, as  torula  cerevisise^  the  fermentation  being  a  correlative  phenomenon 
of  a  vital  act,  beginning  and  ending  with  it,  an  organization,  development, 
and  multiplication  of  the  ferment  particles  occurring  simultaneously  with  the 
fermentation. 

CH.OH  CO(OH),  carbonic  acid. 

2(CH.0H)  ,  ^XT  ^     CH3CH,0Hll   .   .  , 
COH  CO(OH\ 

grape  sugar. 

In  acetous  /ernieiUation  the  alcohol  is  converted  into  acetic  acid  under  the 
influence  of  the  mycodemia  acetij  which  acts  as  a  sort  of  oxygen-carrier. 

What  is  called  mucous  fermentation  may  be  undergone  by  sugar  when  in 
presence  of  certain  nitrogenous  substances,  hydrogen  and  carbonic  anhydride 
being  evolved,  and  mannite,  lactic  acid,  etc.,  being  formed. 

3.  Decomposition  Processes. — These  occur  most  readily  between  25°  and 
45°,  and  the  part  of  the  ferment  appears  to  be  played  by  such  low  organisms  as 
the  micrococci  and  bacteria.  Heating  them  with  water  above  53°  seems  to  act 
more  or  less  destructively  upon  their  vitality. 

Ca(C,H,0,),+H.,0=CaC03+CO,+2CH, 

calcic  acetate. 

nC«H,„05-|-nH,0=3nCO,+3;iCH, 

cellulose. 

Ca,(C3H,0,).=CaCO,+3CO,+4H,+Ca(C,H,0,\. 

calcic  lactate.  calcic  butyrate. 

Glycerin  and  carbonate  of  lime  with  decomposing  fibrin  furnish,  without 
access  of  air,  butyric,  butyracetic,  and  succinic  acids;  probably  lactic  acid  first 
of  all  appears,  and  this  splits  into  carbonic  and  butyric  acids,  very  little  hydro- 
gen being  evolved. 

Fermentation  processes  occur  in  the  intestine,  and  it  is  very  probable 
that  they  may  also  manifest  themselves  in  the  interior  of  living  organic 
cells  as  well ;  and  although  the  ferments  act  possibly  by  catalysis  or 
contact  action,  they  do  not  remain  entirely  unchanged,  part  of  them 
breaking  down  and  undergoing  changes  of  some  kind  with  which  we  are 
unacquainted. 

ScHMiEDEBERG  describes  a  soluble  ferment,  histozym^  by  which 
many  decomposition  and  synthetic  processes  occur  in  thfe  body ;  thus, 
according  to  him,  the  change  of  benzoic  into  hippuric  acid  in  passing 
through  the  kidney  is  due  to  the  influence  of  this  body.  It  can  be 
extracted  by  glycerin,  from  which  it  is  precipitated  by  alcohol  as  a 
white  chalk-like  mass.  The  quantity  of  this  body  in  the  blood  or 
organs  is  very  variable,  the  dog's  liver  and  pig's  kidneys  being  the 
richest. 

Bechamp  holds  that  certain  microzymas — a  name  applied  to  pecu- 
liar molecular  granulations  that  appear  in  various  fermentations  before 
any  other  organized  production  occurs — exist  in  the  organism,  and  he 
regards  them  as  the  organized  ferments,  which  act  as  active  chemical 
and  physiological  agents,  whereby  are  effected  the  transformations  in 
the  organism  both  during  life  and  after  death.  Pasteur  also  inclines 
to  accept  the  existence  of  these  bodies,  as  he  has  found  that  all  the 
natural  earths  he  had  occasion  to  examine  contained  germs  capable  of 
inducing  a  peculiar  fermentative  or  septic  action. 


FERMEKTATION    AND    DECOMPOSITION. 


137 


^B^  The  microzyinas,  which,  according  to  Bechamp,  fonii  an  integral 
part  of  every  living  orgnnism,  lead  to  the  tutal  destruction  of  thia 
orgaoiBm  after  death;  and  this  having  been  effected,  they  remain  em- 
bedded in  the  soil  ordiatribmed  through  the  air.  But  while  Bechamp 
regards  these  granules  as  living  oiguniBuis,  Gai'tier  looks  upon  them 
as  a  purely  chcmicul  ferment,  without  organization  and  without  life. 

When  protcids  and  other  organized  bodies  decompose,  which  they 
readily  do  when  exposed  to  damp  air,  a  series  of  simple  products  are 
formed ;  the  name  putrefaction  is  generally  given  to  these  decomposi- 
tion fermentations  when  they  occur  in  animal  or  vegetable  organisms 
rich  in  such  bodies,  and  as  puCrefiictJon  is  essentially  a  process  of 
hydration  it  follows  that  the  aromatic  derivatives  and  the  bases  formed 
during  the  fermentation  pre-exist  as  nuclei  in  the  albuminoid  molecule. 
In  putrefying  they  lose  their  coherence,  absorb  oxygen,  and  emit  foetid 
odors,  soon  also  tliaengaging  carbonic  acid,  nitrogen,  hydrogen,  ammo- 
nia, certftin  hydrocarbons,  and  bodies  containing  sulphur  and  phosphorus ; 
and  when  the  putrid  fermentation  is  complete,  a  humid  substance  rich 
in  Gits,  in  earthy  and  ammoniacal  salts,  and  in  phosphates  and  nitrates, 
remains  behind.  Now,  as  Pasteur  showeil,  these  changes  are  not  the 
simple  result  of  spontaneous  decomposition ;  for  if  the  proteids  are 
protected  from  the  entrance  into  them  of  the  atmospheric  germs,  they 
can  long  be  preserved  unchanged,  but  tlie  changes  are  most  probably, 
as  we  have  already  seen,  induced  by  ferment  matters  or  germs  existing 
in  the  air;  and  when  contact  with  these  bodies  is  prevented,  a.s  by  61- 
tration  of  the  air  or  destruction  of  the  germs  by  strong  heating,*  the 
putrefactive  processes  do  not  occur.  But  while  a  temperature  of  60° 
ia  sufficient  to  destroy  most  of  these  organisms  some  of  them  require  a 
temperature  higher  than  150°  to  destroy  any  undeveloped  spores  that 
may  be  present  (Dallexi5er,  Coiix).  It  seems,  indeed,  to  be  fairly 
proved  that  bacteria  arc  the  active  agents  in  decompositions,  and  that 
these  bacteria  come  from  without,  and  are  not  developed  spontaneously 
in  the  decomposing  fluid  or  substance  (Pasteur,  Tyndall). 

A  word  or  two  may  be  said  here  as  to  these  bacteria  and  tlioir  con- 
geners. The  term  nchhonj/cetcs  is  applied  to  the  group  of  small 
unicellular  organisms,  including  haclerium,  rifirio,  termo,  tpirilhim, 
hptotkrix,  etc.,  which  multiply  by  transverse  division,  either  remaining 
connecteil  or  becoming  isolated;  they  exist  chiefly  on  nitrogenous  com- 
pounds, which,  even  when  insoluble  in  water,  are  rendered  fluid  by  the 
agency  of  bacteria.  When  the  nitrogenous  substance  in  which  the 
bncteria  multiply  is  completely  used  up,  these  bodies  pass  into  a  sta- 
tiomiry  condition  and  become  congregated  into  gelatinous  colonies — the 
SO-calle<l  zofjgha  form — in  which  they  con  resume  their  activity  under 
iavorable  conditions.  These  organisms  may  he  divided  into  several 
groups,  as  sphntrobacteria  (micrococci),  microbacteria,  desniobacteria, 
and  spirobacteria,  in  each  of  which  may  be  distinguishe<l  pigment- 
fonning,  zyraogenous.  and  pathogenic  varieties. 

The  bacteria  are  for  the  most  part  minute  rod-like,  oblong  or  glob- 
ular protoplasmic  masses,  varying  between  yj^aff  ^^^  a p ^-g n  °^  ^^  ''"''' 
in  diameter,  enclosed  in  a  stmctureless  substance.  Such  forms  us  the 
vibriimeg  appear  to  possess  a  wriggling  motion,  and  in  some  a  cilium 
has  been  detected. 
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All  iluiila  containing  decomposing  organic  substances  have  some  oH 
these  bodies  prcflent,  and  usually  in  gi-eat  numbei-s.  Wlien  such  Hnids 
evaporate  the  bacteria  germs  are  carried  into  the  air,  and  hence  become 
caunea  of  putrefaction  in  nitrogenous  substances  exposed  to  the  air,  and 
may  servo  us  propagators  of  contagious  diseases.  Indeed,  accoi'ding  to 
the  modern  doctrine  of  tlie  production  or  generation  of  disease  by 
germs,  the  contagious  diseases,  etc.,  are  produced  by  certain  specific 
organisms  or  poisons.  In  septicemia,  for  example,  an  absorption  has 
occurred  of  cerhtiu  Huids  whose  decomposition  has  been  induct?d  by 
bacteria,  an<l  the  ayateni  ia  proportionately  poisoned.  Fluids  also  that 
have  been  subjected  to  the  action  of  these  bacteria,  but  subsw|uently 
freed  from  them,  have  been  proved  to  act  as  septic  poisons  to  the 
system  (Bdrdon  Sandersun).  Accordingly  it  would  seem  that  the 
bacteria  themselves  are  not  the  germs  of  the  dist'ase,  but  rather  possess 
the  power,  under  suitable  conditions,  of  generating  the  contiu/iiint.  In 
splenic  fever  bacteria  have  been  discovered  in  the  blood  and  many  organs 
of  the  body,  and  according  to  Kocii  the  introduction  of  such  germs 
into  healthy  animals  brings  on  splenic  fever.  By  inoculating  sheep 
with  the  prepared  blood  of  cattle  that  have  died  of  splenic  fever,  P.iS- 
TKUR  protected  them  from  taking  that  disease:  and  similarly  by  inocu- 
lating chickens  with  the  diluted  virus  of  chicken  cholera  he  protected 
them  from  its  infiuence.  Pasteur  believes  that  the  protection  Ls  due 
to  the  organisms  introduced  by  inoculation  exhausting  the  subatanccs 
in  the  bo<ly  which  afford  tbem  nourishment,  and  that  when  the  animals 
are  attacked  by  the  real  disease  the  disease  germs,  however  introducinl, 
find  no  food,  and  accordingly  perish.  In  addition  to  septicaemia  and 
splenic  fever,  it  has  also  been  pretty  fully  establisheil  that  these  micro- 
organiam,>j  arc  the  casual  agents  in  producing  anthrax,  glanders. 
gonorrhoea,  erysipelas,  relapsing  fever,  and  tuberculosis. 

Antiupttoa. — Certain  materials  have  been  found  that  by  their 
presence  protect  bodies  from  putrefactive  processes;  these  are  anti- 
septics. DmiifectanU,  on  the  other  hand,  are  substances  that  tend  to 
destroy  the  putrefactive  processes  already  originateil,  or  to  render  inert 
their  products  already  formed. 

These  antiseptics  appear  to  act  in  different  ways,  some,  as  sodium 
chloride  and  alcohol,  for  example,  by  their  attraction  for  water;  others, 
as  sulphurous  acid  and  the  bisulphites,  by  forming  comparatively  strong 
combinations  with  the  substances  liable  to  decompose ;  others,  as  car- 
bolic and  salicylic  acids,  apparently  by  destroying  the  germs  that  set 
up  the  putrefaction;  and  others  again,  as  oils  and  fata,  etc.,  by  pre- 
f  venting  their  entrance  into  the  decomposible  body  by  coagulating  its 
exterior,  or  covering  it  with  a  coating  impenetrable  to  the  germs. 

Koch  finals  carbolic  acid  to  be  almost  without  action  on  the  spores  of 
anthrax  bacilli,  these  retaining  their  vitality  after  5  days'  immersion 
!a  a  2  per  cent,  solution,  and  15  days  in  a  1  per  cent,  solution;  but  1 
gram  pure  carbolic  acid  showed  a  marked  effect  in  1,250  grams  of  a 
nutritive  solution  containing  these  bacilli.  Its  destructive  power  is  also 
much  greater  at  a  temperature  of  about  0;")°  than  at  a  lower  tempera- 
ture. Aqueous  solutions  of  the  carbolic  acid  acted  antiseptically,  but 
solutions  in  oil  or  alcohol  did  not  manifest  any  antiseptic  properties. 
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which  is  also  the  case  with  salicylic  acid,  thymol,  etc.,  except  when 
they  are  used  with  substances  containing  water. 

The  disinfecting  action  of  sulphurous  acid  is  uncertain.  The  only 
effectual  disinfectants,  indeed,  according  to  Koch,  besides  chlorine, 
bromine,  and  iodine,  are  mercuric  chloride,  osmic  acid,  and  potassic 
permanganate,  this  last  only  acting  in  5  per  cent,  solutions.  In  his 
experiments  with  anthrax  spores  he  likewise  found  arseniate  of  sodium 
very  effective,  as  also  boracic  and  salicylic  acids.  Fraenzel  further 
finds  that  tubercle  bacilli  are  easily  destroyed  by  such  bodies  as  crea- 
sote,  camphor,  and  naphthalin. 

The  actions  of  thymol,  hydrocinnamic  and  phenylacetic  acids,  indol, 
skatol,  kresol,  and  phenol  have  been  examined  by  Wernich,,  and  he 
finds  the  thymol  superior  to  all  but  the  phenol. 

Substances  effective  in  checking  the  germination  of  spores  are  cor- 
rosive sublimate,  some  essential  oils,  and  amyl  alcohol. 

But,  as  the  antiseptics  used  in  surgery  do  not  require  to  be  perfect, 
it  is  sufficient  for  the  purpose  of  the  surgeon  if  the  propagation  of  the 
organisms  is  arrested  for  a  time  long  enough  to  allow  the  wound  to 
heal.  With  the  spores  of  splenic  fever,  for  instance,  the  development 
is  arrested  byli  1  per  cent,  aqueous  solution  of  phenol,  or  a  5  per  cent, 
solution  of  zinc  chloride;  and  this  suffices  for  medical  purposes,  as, 
although  chlorine,  etc.,  would  effectually  destroy  such  spores,  they  would 
also  severely  injure  the  patient  to  whose  wounds  they  might  be  applied. 

A  great  difference  exists  between  antisepsis  and  disinfection — a 
difference,  it  may  be  remarked,  that  is  not  generally  taken  sufficiently 
into  account.  Thus,  in  the  case  of  carbolic  acid,  at  times  a  2  per  cent, 
solution  acts  as  an  antiseptic,  but  at  other  times  a  5  per  cent,  solution 
is  needed.  To  protect  a  fermentable  substance  from  the  action  of 
schizomycetes  is  very  different  to  destroying  them  when  actually  in 
contact  with  the  fermentable  matter,  a  small  amount  of  the  antiseptic 
being  required  in  the  one  case  as  compared  with  the  other.  To  render 
the  air  of  a  room  antiseptic  a  large  amount  of  phenol  is  necessary, 
but  a  small  quantity  in  the  air  is  sufficient  to  preserve  sound  substances 
from  the  attacks  of  bacteria. 

It  is  j)0S8ible  that  most  of  the  present  methods  of  disinfection  are 
insufficient  to  destroy  bacteria,  and  only  exert  a  temj)orary  influence  in 
arresting  their  development. 

Antiseptics  have  been  used  to  preserve  food.  Common  salt,  sugar, 
spirit,  potassic  nitrate,  and  vinegar  have  been  most  frecjuently  employed. 
For  the  same  purpose  other  nietho<ls,  as  cold,  drying,  and  exclusion  of 
air,  have  also  been  adopted  with  advantage. 


CHAPTER  II. 

DIGESTION. 


After  a  general  sketch  of  this  very  important  j)rocess,  whose 
chemistry  is  an  object  of  such  interest  to  the  physiological  chemist,  the 
preparation  and  properties  of  the  different  secretions  concerned  and  of 


140  DIGESTION   AND   THE   SECRETIONS   CONCERNED. 

their  active  ferments  will  be  given,  and  then  the  secretions  themselves 
discussed  in  detail. 

The  process  of  digestion  commences  in  the  mouth,  and  continues 
throughout  the  alimentary  canal  till  the  lower  part  of  the  large  intes- 
tine is  reached,  its  object  being  to  convert  the  food  into  a  condition  fit 
for  absorption  into  the  blood.  It  consists  of  a  great  many  different 
processes,  that  are  in  part  mechanical  and  in  part  chemical,  being  chiefly 
of  the  nature  of  hydrolytic  decompositions  (Hermann);  and  the  ab- 
sorbed products  are  still  further  modified  after  absorption.  The  bodies 
upon  which  the  digestive  processes  are  necessary  to  admit  of  this  ab- 
sorption are  albumens,  gelatins,  sUirches,  and  fats.  The  inorganic  con- 
stituents of  food,  such  jis  water  and  salts,  and  the  soluble  organic 
constituents  under<ro  no  essential  chemical  chancre  before  being 
absorbed;  while  bodies  insoluble  in  any  of  the  juices,  as  cellulose  and 
elastic  tissue,  are  excreted  unchanged. 

In  the  mouth  the  food  is  ground  into  a  pulp  and  mixed  with  the 
alhiline  saliva^  which  latter  converts  part  of  the  starch  present  into 
sugar ;  the  same  process  is  continued,  but  rendered  slower  (if  not 
arrested)  in  the  stomach,  and  is  resumed  again  under  the  influence  of 
the  pancreatic  juice. 

In  the  stomach  the  action  of  the  acid  gastric  juice  begins,  and  it 
essentially  consists  in  a  chemical  solution  effected  under  the  agency  of 
a  ferment,  the  food  being  disintegrated  and  so  mixed  with  the  gastric 
juice  as  to  form  a  pultaceous  mass — the  chyme.  The  solvent  action  of 
the  juice  is,  however,  confined  to  the  nitrogenous  substances  pres- 
ent, peptones  being  fonned  therefrom  and  probably  rapidly  absorbed, 
altliough  a  considerable  proportion  of  the  albuminous  bodies  pass 
awav  in  the  chvme  in  a  state  of  fine  subdivision  and  mechanical 
suspension  into  the  small  intestine,  occasionally  accompanied  also  by 
even  large  moi*sels  of  solid  undigested  matters,  there  to  undergo  subse- 
quent solution.  Salts  of  the  carbonates  and  phosphates  that  are  insol- 
uble in  water  are  also  dissolved  by  the  acid  of  the  gastric  juice,  and,  to- 
gether witli  other  soluble  salts  or  sugars  present,  are  probably  in  great 
part  absorbed.  Schmidt  considers  that  the  pepsin  and  the  hydrochloric 
acid  form  an  unstable  pepto-hydrochloric  acid,  constituting  about  0-3 
per  cent,  of  the  juice,  and  that  ga.stric  digestion  consists  in  a  combina- 
tion of  this  acid  with  albuminous  bodies ;  it  seems  more  probable,  how- 
ever, that  the  pepsin  acts  entirely  as  a  simple  fennent,  but  re(|uiring  the 
presence  of  a  certain  amount  of  free  acid  to  render  it  active. 

The  chyme  is  discharged  from  time  to  time  into  the  duodenum,  and 
this  may  occur  soon  after  the  commencement  of  gjistric  digestion ;  but 
probably  much  does  not  leave  the  stomach  till  two  hours  or  so  have 
elapsed ;  and  the  discharge  may  not  be  completed  till  four  or  five  hours 
after  the  entrv  of  the  food  into  the  stomach. 

The  chyme  is  next  su])jected  to  the  action  of  the  bile,  the  pancre- 
atic juice,  and  the  intestinal  juice,  by  which  it  is  gradually  con  vert  e<l 
into  chyle,  and  absorbed  as  such — the  undigested  albumens  from  the 
stomach  being  converted  into  pe])tones  by  the  jiancreatic,  and  possibly 
also  by  the  intestinal  juice ;  the  fats  digested  by  the  pancreatic  juice 
with  the  help  of  the  bile,  and  the  starches  by  the  pancreatic  and 
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intestinal  juices.  A  partial  precipitation  of  the  peptones  and  of  any 
pe[»8in  present  in  the  chyme  leaving  the  stomach  is  effected  by  the  bile 
in  the  duodenum. 

The  pancreatic  juice  converts  starch  into  sugar,  enmlsifies  and 
saponifies  fatty  matters,  and  converts  albumens  into  peptones,  part  of 
which  is  still  further  decomposed  into  leucin  and  tyrosin,  tlie  amount  of 
peptone  thus  broken  down  possibly  depending  on  the  excess  or  defi- 
ciency of  proteids  and  on  the  nipidity  or  otherwise  of  the  absorption  in 
the  intestine.  BrCckk  is  of  opinion  that  some  of  the  j)roteid  is 
absorbed  directly  into  the  lacteals,  together  with  some  fat,  in  the  fonn 
of  alkali  albumen,  without  becoming  a  peptone,  and  Eiciihorst  main- 
tains the  same. 

With  regard  to  the  peptones  it  has  generally  been  believed  tliat 
being  of  easy  diffusibility  they  pass  through  the  alimentary  mucous 
membrane  into  the  blood  vessels.  Peptone  has  been  found  in  the  blood 
of  the  portal  vein  (Drosdoff),  but  only  in  very  small  ((uantity.  To 
account  for  so  little  bein*'  thus  found  it  has  been  said  that  very  little 
unchanged  peptone  reaches  the  blood  through  the  mucous  membrane ; 
or  that  it  undergoes  immediate  transformation  after  its  passage  through, 
either  in  the  blood  itself  or  in  the  liver  and  muscular  tissue;  but  as 
peptone,  when  introduce<l  into  the  circulation,  escapes  in  great  part  by 
the  urine,  it  is  possible  that  its  actual  transfonnation  occurs  in  the  in- 
testinal mucous  membrane  itself  (Hofmeister).  There  seems  also  to 
be  some  relation  between  the  excretion  of  the  urea  and  the  foimation 
of  the  peptone,  which  would  point  to  much  of  the  absorbed  peptone 
being  at  once  broken  up  into  its  final  products.  In  Hofmeister's 
experiments  the  total  amount  of  peptone  in  the  walls  of  the  stomach 
and  intestine  was  more  than  double  that  j)resent  in  the  ])lood  as  a 
whole,  and  the  quantity  found  in  the  walls  of  the  small  intestine  was 
fourteen  times  greater  than  that  present  in  the  walls  of  the  stomach. 
(Jn  the  other  hand,  in  the  cavity  of  the  stomach  there  was  fifteen  times 
as  much  present  as  in  its  mucous  membrane,  indicating  either  that  the 
stomach  absorbs  less  of  the  formed  peptone  than  does  the  intestine,  or 
that  the  peptone  disappears  more  ((uickly  from  its  nmcous  meml^rane. 
This  disappearance  of  the  j)eptone  is  a  vital  act,  taking  place  with  un- 
e<|ual  rapidity  according  to  the  stage  of  digestion.  The  property  of 
assimilating  peptone,  however,  belongs  not  only  to  the  stomach,  ])ut 
also  to  the  intestinal  mucous  membrane,  and  whether  it  is  accom- 
panied by  a  reformation  of  albumen  or  ])y  a  complete  disintegration  it 
is  as  yet  difficult  to  say.  That  the  pe[)t()ne  raj)i(lly  disappears  after 
absorption  is  shown  by  the  fact  that  none  is  discoverable  in  the  blood  of 
dogs  twenty-four  hours  after  a  heavy  meal  (Schmidt  MClheim).  The 
peptone  present  in  the  blood  ranges  from  0-0'21>  to  O-Of);')  ])er  cent.,  its 
maximum  occurring  seven  hours  after  foo<l.  It  is  probably  associate<l 
in  some  way  with  the  coi'puscles,  and  not  dissolved  in  the  serum. 

The  action  of  the  bile  is  only  subsidiary  to  that  of  the  pancreatic 
juice,  assisting  in  the  emulsifying  and  saponifying  of  oleaginous  l^odies, 
.serving  moreover  as  a  solvent  for  solid  soai)s,  but  having  little  or  no 
action  on  starchy  or  albuminous  materials,  and  making  a  better  emulsi- 
fying agent  when  acting  with  the  pancreatic  juice  than  wlien  acting 
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alone.  It  aids  also  in  the  absorption  of  the  fatty  matters  by  enabling 
thera  to  pa*ss  more  reatlily  through  the  mucous  membrane,  an  action 
due  to  the  direct  contact  of  that  membrane  with  the  bile ;  further,  it 
checks  fermentations  and  putrefactions  in  the  intestine,  and  it  appears 
to  stimulate  the  peristaltic  contraction  of  the  muscular  coats  of  the 
intestinal  walls,  and  at  the  same  time  possibly  stimulates  the  intestinal 
glands  to  secretion.  What  the  exact  fu7Wti07i  of  the  intcBtinal  juice 
may  be  is  still  a  matter  of  doubt ;  it  has  been  said  to  possess  the  power 
of  digesting  any  of  the  different  classes  of  foods :  but  different  authorities 
have  arrived  at  different  conclusions.  Thus  (1)  it  has  been  stated  to 
digest  fibrin  alone  (Tiiiry);  {"!)  to  convert  starch  into  sugar,  and  fibrin 
into  peptones,  the  action  however,  being  verj^  slow  (Dobroslawix)  ;  (3) 
to  convert  small  porticms  of  albumen,  casein,  and  fibrin  into  peptones, 
and  starch  rapidly  into  sugar  (Soiiiff)  ;  (4)  partially  to  digest  cooked 
meat  and  albumen,  to  emulsify  fjits,  and  to  convert  starch  into  sugar 
(Colin);  and  (o)  to  possess  no  evident  solvent  power  for  fat  or  albumen, 
but  to  change  starch  into  sugar  and  cane  sugar  into  grape  sugar 
(Pa.<chutin). 

We  may  therefore  thus  sum  up  the  digestive  action  of  the  secre- 
tions :  (1)  The  saliva  converts  starch  into  sugar ;  (2)  the  gastric  juice^ 
albumens  into  acid  albuminates  and  then  into  peptones  ;  (3)  the  pan- 
creatic juice^  starch  into  dextrin  and  sugar,  albumens  into  globulin  sub- 
stance and  then  peptone,  and  part  of  the  peptone  into  leucin,  tyrosin, 
and  aspartic  acid,  and  fats  into  glycerin  and  the  fatty  acids,  partly  also 
saponifying  them  ;  (4)  the  hile  assists  the  pancreatic  juice  in'  digesting 
the  fats  and  acids  in  their  absorption  ;  and  (5)  the  intestinal  juice  pos- 
sibly completes  the  digestion  of  the  undigested  portions  of  the  food, 
acting  on  starches  and  sugars,  and  possibly  also  on  some  of  the  albumens 
and  fats. 

The  reaction  continues  acid  some  time  after  the  chyme  leaves  the 

stomach,  while  in  the  lower  part  of  the  small  intestine  it  is  alkaline, 

•  or  only  slightly  acid ;  but  the  acid  reaction  is  restored  or  intensified  in 

the  ciecum,  owing  to  an  acid  fermentation  that  is  set  up  there.     The 

reaction,  it  must  be  said,  varies  considerably  with  the  nature  of  the  food. 

The  different  soluble  j?roducts  of  the  intestinal  digestion  are  ab- 
sorbed by  the  lacteals  or  portal  vessels,  so  that  when  the  intestinal  con- 
tents reach  the  large  intestine  their  nutritious  constituents  have  in 
great  part  been  removed. 

As  to  fluids,  there  is  about  as  much  secreted  as  is  absorbed;  so 
that  the  intestinal  contents  are  little,  if  at  all,  denser  on  entering  the 
large  intestine  than  on  leaving  the  stomach. 

The  peptones  and  sugar  enter  the  circulation  by  the  portal  system, 
and  the  fat^  largely  by  the  chyle  of  the  lacteals. 

That  absorption  is  the  chief  work  done  in  the  upper  part  of  the 
large  intestine  there  can  be  no  doubt,  but  whether  a  digestive  action 
also  occurs  there  is  still  sub  judiee.  By  the  removal  of  the  fluids  the 
intestinal  contents  arc  gradually  converted  into  the  solid  faeces,  the 
color  also  changing  from  gray,  through  orange,  to  a  dirty  yellowish 
brown.  The  digestion,  however,  cannot  be  said  to  be  completed  until 
the  fluids  absorbed  in  the  stomach  and  intestines  have  been  subjected 
to  the  action  of  the  liver  and  spleen,  etc. 
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Amount  of  Fluids  Discharged  into  the  Alimentary  Canal, — A 
very  large  amount  of  fluid  is  constantly  being  poured  out  into  the 
alimentary  canal.  According  to  the  estimates  given  below  of  the 
juices  secreted  it  would  appear  that  about  twenty-six  pounds,  if  not 
more,  of  fluid  are  discharged  into  the  intestine  every  twenty-four 
hours;  that  is,  about  twice  the  whole  volume  of  the  blood.  But 
it  must  be  remembered  that  secretion  and  absorption  are  going  on 
simultaneously,  and  accordingly  the  estimate  of  a  secretion  judged  by 
the  amount  discharged  by  a  fistula  is  to  be  regarded  as  a  very  imper- 
fect standard  of  the  total  amount  secreted  under  normal  conditions 
when  the  secretion  undergoes  rapid  reabsorption.  Possibly  this  dis- 
turbance of  the  normal  conditions  may  give  rise  to  the  great  discrep- 
ancies in  the  quantities  of  the  secretions  in  the  twenty-four  hours  as 
given  by  different  observers. 


Secretion. 


Sp.  gravity. 


Saliva l    1*004  to  1009 

Gastric  juice 1001  "  1010 

Pancreatic  juice      ....  1008  " 

Bile 


1009 
1010  "  1020 


Intestinal  juice I    1010 


\  Average  aniouut  in 
24  hour.-*. 

Percentage  of 

ftOlfdn. 

I'er  i-enl. 
0-4  to    0-6 
0-5  *'     1 

8  "  10 

9  "14 

,     2      "     2J 

lbs. 

1  to  2 
10  "  20 

i  "  i 

2  "  \\ 

1                   Jl    "    3 

2          4 

CHAPTER  III. 


PREPARATION  OF  THE  JUICES, 

1.  Saliva,  (a)  Natural  Saliva, — Collect  saliva  in  a  beaker  after 
inducing  its  secretion  by  inhaling  ether  vapor  into  the  mouth,  or  by 
chewing  a  piece  of  india  rubber.  When  a  considerable  quantity  has 
been  thus  obtained,  add  four  times  its  volume  of  water,  stir  it  well,  and 
let  it  stand  some  time,  then  decant  off  the  supernatant  licjuid  from  the 
sediment. 

(ft)  Artificial  Saliva  may  readily  be  prepared  by  digesting  with 
water  the  finely  mixed  fresh  salivary  glands  of  any  of  the  herbivora 
for  several  hours,  and  then  straining  through  linen  and  filtering. 

2.  Artificial  Gastric  Juice. — {a)  Open  the  stomach  of  a  recently 
killed  pig,  or  the  fourth  stomach  of  a  calf,  wash  it  rapidly  in  cold 
water,  spread  it  out  on  a  board  with  the  mucous  surface  upwards,  and 
scrape  off  this  surface  with  a  scalpel  or  sharp  spatula.  Rub  up  the 
soft  mass  thus  obtained  with  some  fine  wjished  sand ;  then  digest  the 
whole  with  cold  water,  stirring  frequently,  and  filter.  The  juice  pre- 
pared in  this  way  contains  very  little  peptones,  which,  however,  would 
not  be  the  case  if  some  time  is  allowed  to  elapse  after  the  death  of  the 
animal  before  the  stomach  is  used. 

(b)  Rapidly  wash  a  fresh  pig's  stomach,  mince  the  mucous  mem- 
brane of  its  middle  third,  and  digest  this  some  six  to  eight  hours  with 
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200  times  its  volume  of  dilute  hydrochloric  acid  (^  per  cent.)  at  a  tem- 
perature of  35° ;  decant  and  filter.  The  digestion  may  be  repeated 
with  fresh  acid.  Peptones  will  be  present,  which  may  be  separated  by 
dialysis. 

To  prepare  the  hydrochloric  acid  of  the  above  strength  (^  per  cent.) 
add  about  6|  c.c.  of  the  ordinary  strong  commercial  acid  to  a  litre  of 
distilled  water  and  shake  together.  In  tne  experiments  the  acid  may 
be  used  of  this  strength,  or  diluted  with  its  own  volume  of  water.  An 
acid,  however,  that  serves  well  for  rapid  artificial  digestion  contains 
one  per  cent,  by  volume  of  concentrated  hydrochloric  acid  (Tusox). 
The  water  in  which  the  albumen  is  immersed  mav  be  acidulated  with 
one  per  cent,  of  hydrochloric  acid  of  sp.  gr.  1*150  (=0-303  per  cent, 
real  acid)  (Dowdeswell),  or  with  only  half  this  amount,  and  contain 
about  0-15  per  cent,  of  real  acid  (Petit),  so  as  to  obtain  rapid  artificial 
digestion. 

(f)  Divide  the  washed  and  detached  mucous  membrane  of  a  fresh 
stomach  into  small  fragments,  and  after  drying  them  well  between 
folds  of  filter  paper  cover  them  with  strong  glycerin;  lay  aside  for 
eight  days,  then  strain  the  glycerin  extract  and  precipitate  it  with 
alcohol ;  collect  the  precipitate  and  wash  it  with  spirit.  It  is  then  to 
be  added  to  two  litres  or  so  of  the  acidulated  water  (0*1  per  cent.),  or 
a  little  of  it  may  be  added  when  required  to  the  dilute  acid  (after 
Wittich). 

The  glycerin  extract  may  be  filtered  through  linen,  and  kept  as 
such,  a  very  good  digestive  fluid  being  obtained  by  adding  a  few  drops 
of  it  to  some  of  the  dilute  acid  (^  per  cent.) 

3.  Artificial  Pancreatic  Juice. — In  preparing  this  juice  it  is  advis- 
able to  employ  the  pancreas  of  an  animal  that  has  been  killed  som^ 
four  or  five  hours  after  a  full  meal  has  been  taken  ;  for  if  the  pancreas 
of  a  fasting  animal  is  employed  scarcely  any  digestive  power  may  be 
manifested  by  its  glycerin  or  watery  extract. 

(a)  Cut  a  fresh  pancreas  (say  of  a  dog  killed  some  hours  after  a  full 
meal)  into  pieces,  weigh  them,  and  cover  the  pieces  with  absolute  alco- 
hol for  two  or  three  days ;  express  through  linen,  and  dry  the  gland 
substance  with  filter  paper ;  then  rub  it  up  with  powdered  glass  or 
washed  sand,  adding  for  each  gram  of  gland  substance  1  c.c.  dilute 
acetic  acid  (one  per  cent.);  stir  well  for  about  a  quarter  of  an  hour, 
and  then  place  the  whole  in  a  jar,  pouring  over  it  ten  times  its  volume 
of  glycerin.  After  three  days  decant,  and  filter  through  a  piece  of 
muslin  and  then  through  coarse  filter  paper. 

{b)  Make  an  infusion  of  the  minced  pancreas  in  warm  water  and 
neutralize  the  filtrate,  if  necessary,  with  sodic  cai'bonate. 

{c)  Mince  the  pancreas  upon  a  block  of  filter  paper,  and  cover  the 
fragments  with  strong  glycerin;  filter  in  two  or  three  days. 

4.  Artificial  Intestinal  Juice. — {a)  Kill  a  dog  or  rabbit,  and  rap- 
idly remove  the  small  intestine.  Attach  the  lower  end  to  a  tap,  and 
clip  the  other  extremity.  Fill  the  intestine  with  water  two  or  three 
times,  emptying  it  after  each  addition,  so  as  to  clear  it  of  its  contents. 
As  short  a  time  as  possible  should  be  lost  in  doing  this.     Now  slit  the 
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intestine  from  end  to  end,  and  scraping  away  the  raucous  membrane, 
rub  it  up  witli  some  sand,  just  as  in  the  preparation  of  artificial  gastric 
juice,  and  then  digest  it  with  four  times  its  volume  of  water.  Filter 
through  muslin  and  filter  paper  in  succession  after  it  has  stood  for  an 
hour  or  so. 

(6)  The  natural  juice  is  best  obtained  after  the  method  introduced 
by  Thiry,  which  consists  in  starving  a  sheep  or  dog  for  twenty-four 
hours,  then  opening  its  abdominal  cavity  and  drawing  out  a  loop  of 
the  small  intestine,  which  is  to  be  cut  at  each  end  without  disturbing 
its  other  connections,  the  continuity  of  the  intestinal  canal  being  re- 
established by  connecting  the  open  ends  of  the  tube  after  the  removal 
of  the  loop.  The  loop  is  closed  at  its  lower  extremity  and  left  in  the 
abdomen,  and  from  its  upper  open  end,  which  is  fixed  in  the  abdominal 
wound,  the  juice  secreted  is  collected. 

5.  Bile. — Fresh  ox  bile  should  be  used,  or  some  filtered  human  bile 
obtained  from  the  post-mortem  room. 


CHAPTER  IV. 


THE  DIGESTIVE  FERMENTS. 

As  WE  have  already  seen,  ferments  may  be  living  and  organized^ 
as  in  the  case  with  torula,  etc.,  or  inorganized,  as  with  the  enzymes, 
soluble  ferments  or  zymases  that  occur  in  saliva,  gastric  juice,  etc., 
A  body  allied  to  these  animal  ferments  is  diastase,  a  peculiar  nitrogen- 
ous substance,  resembling  vegetable  albumen,  although  not  albuminous, 
which  is  found  in  germinating  seeds,  being  derived  probably  from  the 
gluten,  and  possessing  the  power  of  converting  starch  into  dextrin  and 
glucose. 

The  following  compositions  have  been  assigned  to  some  of  these 
bodies,  although  it  is  difficult,  if  not  impossible,  to  obtain  them  in  a 
state  of  purity : — 


c. 


H. 


N. 


S. 


Emulsion  (of  almonds) 

Diastase  (from  beer  of 
yeast) 

Pepsin 

Pepsin 

Ptyalin  (glycerin  ex- 
tract)       

Trypsin  (glycerin  ex- 
tract)       

Trypsin  (without  ash) 


Ash.      O.     I 
48-7    Tl'S    1416  1-25    ~^""  28-70i  Schmidt. 


496  6-5 

53*0  6-7 

610  7-2 

431  7-73 


11*8       —        —       — 
178      _       _     22-5 
15-4       _       —       — 


schlossbergeb. 

Schmidt. 

Chapoteaux. 


11-86 


61  —       HUFNEB. 


43-6    6-5     ,  13-8    088    704      —      Hufneb. 
46-57  7-17  :  14-95  0 95  i    —     3036  Hi'fneb. 


Sciimii)t's  pepsin  is  not  probably  pepsin  at  all,  but  rather  an  albu- 
men peptone  holding  pepsin ;  thus  an  albumen  peptone  has  this  compo- 
sition: C=53-5,  H=7,  N=15-5,  0=22-4,  S=l-6. 
10 
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Although  these  fennents  are  probably  formed  at  the  expense  of 
albuminous  bodies,  they  have  neither  their  composition  nor  general 
properties;  as  compared  with  albumens  they  contain  less  carbon,  but 
more  oxygen,  while  the  nitrogen,  according  to  some  observers,  is  much 
less.     The  ash  of  all  these  bodies  is  rich  in  phosphates. 

These  ferments  dissolve  in  water  and  glycerin,  their  solutions  dia- 
lysing,  but  they  are  insoluble  in  alcohol.  A  temperature  from  80°  to 
90°  renders  them  inactive.  One  part  of  the  salivary  diastase  or  ptya- 
lin  is  said  to  be  sufficient  to  convert  2,000  parts  of  starch  into  sugar; 
and  while  some  authorities  regard  the  amount  of  peptones  formed  by 
pepsin  in  an  acid  solution  as  indefinite,  provided  the  peptones  are  re- 
moved by  dialysis  as  they  are  produced  and  fresh  acid  added  (BrCcke), 
others  regard  the  action  as  limited  (Schiff). 

1.  To  Show  the  Action  of  Diastase. — This  body  is  first  prepared 
by  washing  beer  yeast  with  a  mixture  of  water  and  ether,  shaking  well, 
and  filtering;  precipitating  the  filtrate  with  alcohol,  and  collecting  and 
drying  the  precipitate.  A  little  of  this  or  of  a  warm  water  infusion  of 
malt  or  germinated  barley  is  added  to  a  large  quantity  of  thick  gelatin- 
ous starch,  and  the  temperature  maintained  at  about  71°  for  a  few 
minutes,  when  complete  liquefaction  of  the  starch  will  occur,  and  dex- 
trin and  glucose  will  replace  it. 

Ferments  exist  in  many  of  the  tissues  and  organs,  and  to  all  mucous 
membranes  there  seems  to  belong  a  common  ferment,  enzym  or  zymase, 
capable  of  imparting  its  own  mobility  of  molecule  to  many,  other  or- 
ganic bodies.  Now  the  ferment  in  any  organs  or  liquids  can  be  obtained 
by  exposing  them  thoroughly  to  the  action  of  absolute  alcohol  for  a 
week  or  two,  so  as  to  coagulate  their  albumen,  and  then  exhausting  the 
liardened  tissue  or  precipitate  with  glycerin,  from  which  the  ferment 
can  be  afterwards  thrown  down  by  alcohol  after  Wittig's  process. 

II.  Preparation  of  Ptyalin. — 1.  Mince  up  the  fresh  salivary  glands 
of  a  cow  and  make  a  Avatery  infusion,  and  to  this  (or  to  saliva  itself) 
add  excess  of  dilute  phosphoric  acid ;  then  neutralize  the  filtrate  with 
lime  water  or  milk  of  lime,  and  the  ferment  will  be  precipitated  along 
with  tlie  acid,  albumen  being  thrown  down  at  the  same  time,  but  it 
adheres  more  closely  to  the  lime  than  does  the  ptyalin.  Collect  the 
precipitate  on  a  filter,  and  wash  it  with  a  little  water,  which  dissolves 
out  the  ptyalin,  and  this  in  turn  is  separated  from  the  water  by  the 
addition  of  five  to  six  times  its  volume  of  alcohol.  Dry  the  flocculent 
precipitate  in  vacuo.  By  dissolving  it  up  again,  reprecipitating  with 
alcohol,  and  drying  it  in  vacuo,  as  before,  it  is  obtained  in  a  purer 
form  (after  ConMiEiM). 

The  ferment  may  also  be  obtained  by  shaking  up  the  watery  infu- 
sion with  a  saturated  ethereal  solution  of  cholesterin  or  collodion. 

2.  Rapidly  mince  the  perfectly  fresh  salivary  glands  of  an  ox, 
sheep,  or  rabbit  and  cover  with  absolute  alcohol  for  several  days  in  a 
flask ;  then  collect  in  a  linen  filter,  express  the  spirit  thoroughly  (  or, 
if  necessary,  the  alcohol  may  be  distilled  off  at  a  low  temperature), 
and  expose  the  gland  substance  to  the  air  to  dry.  Transfer  the  dried 
mass  to  a  mortar,  where  it  is  to  be  rubbed  up  into  a  fine  powder  and 
then  mixed  well  with  glycerin ;  now  pour  all  into  a  flask,  and  cover 
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with  fresh  glycerin,  shaking  occasionally.  The  glycerin  extract  is  to 
be  strained  off  and  filtered  after  two  or  three  days.  From  this  the 
ptyalin  is  precipitated  by  alcohol,  separated  by  decantation,  and  dried 
in  an  exhausted  receiver  over  sulphuric  acid. 

Properties. — Ptyalin  forms  a  white  amorphous  powder;  its  solutions 
in  water  are  precipitated  by  neutral  and  basic  lead  acetate,  but  not  by 
nitric  or  tannic  acids  or  by  mercuric  or  platinic  chlorides.  It  has 
the  power  of  converting  starch  into  sugar,  the  most  favorable  tempera- 
ture being  about  35®  to  40°,  above  60°  becoming  inactive;  diastase, 
on  the  other  hand,  is  most  active  between  60°  and  70°. 

III.  Preparation  of  Pepsin. — 1.  (After  BrCcke's  method,  which, 
however,  does  not  furnish  much  pepsin.) 

{a)  Macerate  the  washed  and  finely  divided  mucous  membrane  of 
the  cardiac  end  of  the  fresh  stomach  of  a  pig  in  dilute  phosphoric  acid 
(5  per  cent.),  adding  fresh  acid  until  the  solution  is  nearly  completed; 
filter,  precipitate  the  filtrate  with  excess  of  clear  lime  water,  collect 
the  gelatinous  precipitate  of  tribasic  phosphate  of  lime  and  pepsin  on 
a  linen  filter  in  which  it  is  to  be  thoroughly  expressed ;  then  digest  it 
with  glycerin,  which  extracts  the  pepsin. 

(6)  Or  the  precipitate  may  be  dissolved  in  dilute  hydrochloric  acid 
(about  2  per  cent.),  precipitated  afresh  with  lime  water  to  separate 
albumens,  and  to  the  filtrate  a  cold  saturated  solution  of  cholesterin  in 
a  mixture  of  ether  (1)  and  alcohol  (4)  added;  shake  well  together, 
when  the  precipitated  cholesterin  will  rise  to  the  surface,  carrying  the 
pepsin  with  it.  Collect  on  a  filter,  and  wash  with  water,  dilute  acetic 
acid  and  again  with  distilled  water  till  no  precipitate  is  given  with  sil- 
ver nitrate.  Then  digest  the  residue  with  ether  so  long  as  the  ethereal 
extract  leaves  a  residue  on  evaporation.  Dry  what  remains  at  a  low 
temperature,  and  a  grayish  white  substance  is  obtained. 

(c)  The  precipitated  phosphate  of  lime  and  pepsin  may  be  dissolved 
as  in  (b)  in  dilute  hydrochloric  acid  (2  per  cent.),  again  precipitated  with 
lime  water,  expressed  as  before,  and  more  of  the  dilute  phosphoric 
acid  added,  a  little  at  a  time  and  at  long  intervals ;  wash  the  pi:ecipi- 
tate  repeatedly  with  distilled  water  and  dilute  phosphoric  acid.  The 
pepsin  is  now  present  in  a  moderately  pure  condition,  and  may  be 
separated  with  glycerin  as  in  (a)  or  (6).     • 

2.  Glycerin  Extract — Cover  the  dried  and  finely  minced  mucous 
membrane  with  absolute  alcohol,  and  after  24  hours  throw  it  upon  some 
muslin  and  express  out  the  spirit;  then  transfer  the  mass  to  a  beaker 
or  flask  and  cover  it  with  glycerin.  Filter  through  muslin  after  some 
days,  and  then  through  filter  paper,  and  precipitate  the  pepsin  from 
the  filtrate  by  the  addition  of  an  excess  of  absolute  alcohol.  Collect 
the  precipitate  and  dry  it  as  before  (after  Wittig). 

The  glycerin  solution  contains  comparatively  few  foreign  bodies. 
Glycerin  is  slow  in  dissolving  up  the  pepsin,  but  the  addition  of  a  very 
little  acid  greatly  facilitates  the  solution ;  and  the  mucous  membrane 
in  the  neighborhood  of  the  pylorus  yields  up  its  pepsin  more  readily 
if  it  has  been  previously  treated  with  sodic  chloride  solution  (GRtTZNKR). 

Properties. — Pepsin  is  a  yellowish  or  grayish  white  powder,  soluble  in 
water  and  glycerin,  but  insoluble  in  alcohol.     A  watery  solution  does 
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not  diffuse ;  it  gives  none  of  the  albumen  reactions,  nor  any  precipi- 
tate with  silver  nitrate,  but  it  is  precipitated  by  the  neutral  and  >>asic 
acetate  of  lead.  In  the  dry  state  it  may  be  heated  up  to  110^  without 
losing  its  properties,  but  this  is  not  the  case  with  its  solutions. 

Without  the  addition  of  some  dilute  acid  like  hydrochloric,  phoe- 
phoric,  or  lactic  it  manifests  no  specific  action.  It  is  without  action 
upon  keratin,  nuclein,  starches,  or  fats.  About  37°  to  38°  is  the  tem- 
perature most  favorable  to  its  activity.  The  presence  of  0-1  per  cent, 
sodic  chloride  aids  the  catalytic  action  of  the  pepsin,  but  0-5  to  1  jter 
cent,  of  this  salt  interferes  materially  with  the  process,  while  a  satu- 
rated solution  throws  down  the  pepsin  from  its  solutions.  An  admix- 
ture of  bile  is  likewise  detrimental,  as  also  an  excess  of  alcohol.  While 
the  presence  of  arsenic  does  not  interfere  with  the  action  of  pepsin, 
that  of  carbolic  acid  does  so  materially. 

IV.  Preparation  of  Pancreatic  Ferments. — 1.  Some  of  these  may 
be  separated  in  the  same  way  as  ptyalin  (II.,  1  or  2),  using  the  fresh 
minceil  pancreas  instead  of  the  salivary  glands.  The  ferment  thus  ob- 
tained acts  yery  energetically  upon  starch  between  37°  and  40^.  It 
converts  glycogen  at  12°  into  sugar.  The  presence  of  carbonate  of 
soda  is  un&vorable  to  thb  starch  conversion,  and  a  temperature  above 
70°  stops  the  change,  although  the  dry  powder  may  be  heated  to  l<iO° 
without  sustaining  injury. 

2.  Kill  a  dog  six  hours  or  so  after  a  full  meal,  wash  out  the  pancreas 
through  its  vessels  with  iced  water,  then  cut  the  pancreas  up  small  and 
rub  the  pieces  in  a  mortar  with  clean  sand;  macerate  the  pro«Iuct  for 
two  hours  with  4  or  5  times  its  volume  of  water  at  25°  to  30°. 

(ii)  Filter  the  decanted  liquor  through  linen,  and  calcined  magnesia 
in  excess  to  the  filtrate,  filter  a^rain  into  a  large  flask,  and  drop  slowly 
into  the  filtrate  one-third  its  volume  of  thick  collodion:  shake  vi^n^r- 
ously,  and  having  poure<l  the  mixture  into  a  wide  beaker,  leave  it  to 
evaporate  at  a  ;xentle  heat,  stirring  constantly  with  a  glass  rod  until  the 
ether  ha.-i  escape<i.  When  the  precipitate  presents  a  fine  granular  ap- 
petiranee,  separate  it  by  filtration  through  linen  or  muslin,  and  treat  it 
as  f*>ll'>\v.>,  reserving  the  filtrate  for  the  separation  of  the  diastatio  fer- 
ment: wash  the  precipitate  with  alcohol,  and  extract  it  with  a  mixture 
of  alcuhol  an*!  ether:  the  un<lissolveil  residue  is  then  deprive<l  of  any 
alcohol  and  ether  present  in  it  by  evaporation,  when  it  is  treated  I  with 
water  and  the  peptone  ferment  dissolved  up.  forming  a  yellow  solution, 
from  which  the  ferment  can  be  precipitatetl  by  alcohol. 

The  ferment  thus  obtained  I  plays  a  part  more  or  less  like  pepsin, 
actiriir  better,  however,  in  the  presence  «»f  an  alkali  than  of  an  acid.  It 
forms  a  yellowish  white  amorphous  powder  insoluble  in  alcohol,  but  easily 
s^  »liible  in  water  or  ^xlvcerin. 

ib)  The  filtrates  from  the  collodion  precipitates  are  rapidly  evap«»r- 
ated  to  one-sixth  their  combineil  volume  under  an  exhausted  receiver, 
abs«'lute  alcohol  added,  and  the  whole  laid  aside  for  a  couple  of  tlays: 
tlie  preci[>itate  thus  former]  is  first  wash^il  with  strong  spirit  and  then 
with  a  mixture  of  2  pKirts  alcohol  and  1  part  water.  Filter  again,  evapor- 
ate in  tyh'tfo.  and  dialyse  the  concentrate<l  liquor:  to  the  contents  of  the 
dialvser  further  concentrated  in  vatnio  absolute  alct>hol  is  finallv  adde^l 
to  precipitate  the  dia.static  ferment  (after  Damlewskij. 
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HCfner,  by  macerating  in  glycerin  a  pancreas  whose  fragments  had 
lain  several  days  in  alcohol,  obtained  an  amorphous  ferment  having  all 
the  properties  of  pancreatic  juice,  and  acting  on  starch,  fats,  and 
albnmens. 

WiTTicn  extracts  in  a  similar  way  by  mincing  the  pancreas  of  an 
ox,  leaving  it  twenty- four  hours  in  alcohol,  and  then  digesting  with 
glycerin.     The  filtered  extract  is  precipitated  with  alcohol. 

With  regard  to  the  properties  and  characters  of  tliese  pancreatic 
ferments  and  their  origin,  etc.,  see  under  Pancreatic  Juice. 

V.  Preparation  of  Liver  Ferment. — There  are  probably  two  fer- 
ments in  the  liver,  a  diastatic  or  sugar-forming  ferment  and  a  butyric 
acid  ferment  (Pribram).  The  diiistatic  ferment  is  thus  prepared:  Cut 
the  fresh  liver  into  pieces,  and  dry  them  with  blotting-paper;  then  break 
them  up  into  a  fine  pulp,  adding  a  few  drops  of  phenol,  and  having 
spread  the  pulp  out  in  a  thin  layer  on  a  piece  of  porous  porcelain,  dry 
it  at  30°.  The  dried  and  pulverized  mass  is  subsequently  macerated 
for  three  days  in  glycerin.  The  glycerin  extract  is  next  precipitated 
with  alcohol,  and  the  precipitate  redissolved  in  glycerin. 

Sodium  chloride  and  sulphate  in  5  per  cent,  solutions  do  not  affect 
its  action ;  but  the  alkalies  retard  it,  while  the  acids  hinder  or  retard 
it  according  to  the  amount  present. 

Ferments  have  also  been  obtained  from  muscle^  one  analogous  to 
ptyalin  (Piotrowsky)  and  another  apparently  identical  with  pepsin 
(BrCcke)  ;  and  possibly  also  a  third  ferment  is  present,  which  causes 
the  post-mortem  formation  of  sarcolactic  acid. 


CHAPTER  V. 

DIGESTION  METHODS  AND  EXPERIMENTS. 

I.  Conversion  of  Starch  into  Sugar. 

A.  By  Saliva, — As  saliva  converts  starch  into  sugar  it  is  advisable 
for  the  student  first  to  perform  the  tests  for  starch  and  sugar  on  ])p.  67, 
78,  and  79. 

1.  Prepare  some  starch  mucihiffe  by  rubbing  a  little  starch  into  a 
thin  paste  with  two  or  three  c.c.  cold  water,  and  pouring  it  into  400  c.c. 
boiling  water;  then  boil  for  five  to  ten  minutes,  and  when  cool  decant 
the  clear  liquid. 

2.  Conversion  of  Starch  into  Sugar  hf/  Action  of  Saliva. — (a)  Add 
a  little  of  the  diluted  saliva  to  some  starch  nmcilage  contained  in  a  small 
beaker,  and  lay  it  aside  for  ten  minutes  or  so  in  a  hot  chamber  about 
35®  to  40^.  It  will  also  serve  fiiirly  well  to  place  the  bejiker  some  time 
in  water  about  40^,  or  to  gently  warm  it  in  a  test  tube  over  a  flame, 
taking  care,  by  bringing  the  test  tube  from  time  to  time  in  contact  with 
the  palm  of  the  hand,  that  the  temperature  does  not  rise  much  above  85^. 

(b)  Now  apply  the  tests  for  starch  and  sugar,  and  it  will  be  seen 
that  sugar  has  been  formed,  and  that  the  starch  has  disa])peared  in 
vhole  or  in  part. 
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(c)  Influence  of  Tempcratvri:  etc. — The  same  process  should  be  re- 
peated as  in  {»),  with  frc^h  portions  of  starch  mucilago  and  saliva,  but 
with  the  amiditions  altered:  thus,  if  a  portion  is  boiled,  the  action  of 
the  salivary  ferment  is  destroyed  and  no  sugar  is  formed;  if  the  action 
is  allowed  to  go  on  at  a  low  temperature,  it  will  be  greatly  retarded; 
and  if  at  0°  C.  it  will  be  entirely  arrested  for  the  time  bein;:.  Note 
also  that  with  raw  starch,  say  that  of  the  potato,  the  conversion  is  very 
slow  indeed. 

[•T)  Influence  of  the  Presence  of  Aeids  or  Alkalies  on  the  Process. 
— (j)  Ada  variable  amounts  of  hydrochloric  acid  to  a  uiixtui-e  of  starch 
mucilage  and  saliva,  trying  first  a  ^  per  cent,  and  then  a  10  per  cent, 
solution,  and  it  will  be  found  that  white  the  dilute  solution  apparently 
retards  the  process  the  stronger  solution  completely  slops  it. 

It  therefore  follows  that  the  normal  acidity  of  the  stomach,  which  is 
about  that  of  the  ^  per  cent,  solution,  does  not  entirely  ]ircvent  the 
saliva  swallowed  from  continuing  to  act  on  the  starch  present  (Souiff). 

(ij)  Note  the  retarding  effect  produced  by  the  presence  of  even  a 
small  percentage  of  caustic  soda  or  potash, 

B.  Bi/  Pancreittie  Juice. — Add  a  little  glycerin  extract  of  pancreas 
to  some  of  the  starch  mucilage,  and  proceed  e.xactly  as  in  A,  2,  and  it 
will  be  found  that  the  I'esults  arc  the  same. 

C.  Bi/  Intestinal  Juice. — Add  a  little  to  some  starch  mucilage, 
warm  gently,  and  test  as  before  for  sugar. 

This  juice  further  changes  cane  into  grape  sugar.  Mix  a  little  of  the 
cane  sugar  solution  with  some  of  the  juice,  and  lay  aside  for  twenty 
minutes  or  so  in  a  warm  chamber  (about  40° ).  Test  before  and  after  wiln 
Fehling's  solution :  the  cane  sugar  has  little  reilucing  jtower,  but  after 
the  action  of  the  juice  it  reduces  the  copper  rnjiidly,  with  the  formation 
of  the  red  or  yellowish  precipitate  of  cuprous  oxide. 

The  result,  then,  of  the  action  of  these  juices  on  starch  is  to  convert 
it  into  grajic  sugar — from  the  state  of  a  colloid,  in  short,  into  that  of  a 
crystalloid.  Note  this  by  jjlacing  starch  mucilage  in  one  dialyser  and 
solution  of  sugar  in  a  second,  and  examine  the  fluids  in  which  the  dialy- 
sers  float  after  twenty-four  hours,  when  traces  of  sugar  will  be  detected, 
but  none  of  starch. 

It  may  here  bii  mentioned  that  according  to  some  recent  researches  (  Wort- 
HANn)  bacteria  possess  the  power,  unJer  certain  conditiuns,  of  acting  on 
starch  in  n  lunniicr  analogona  to  diastase,  a  feruieiit  Jippearin^;  to  be  secreted  by 
them  which,  like  diastase,  is  soluble  in  wnt«r  and  precipitnble  by  alcohol,  capable 
also  of  Mting  on  the  starch  in  the  abKcncc  nf  oxy^ieu,  slightly  iitid  sohuii 
ifxpediting  itie  process. 


II-  Conversion  of  Albumens  into  Peptones. 
A.  //*/  Gastric  Juice. 


IOB^^_ 


1.  Formation  of  Peptones. — Provide  fragments  of  ibe  following: 
washed  fibrin  that  has  been  boiled,  boiled  or  roiist  meat,  white  of  boiled 
egg;  also  some  fresh  milk.     Place  them  sej-arately  in  small  flasks  and 

r  them  with  artificial  gastric  juice ;  then  loosely  cork  tbem  and  lay 
them  aside  in  a  warm  chamber  at  a  uniform  temperature  of  38°  to  40. , 
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for  several  hours,  and  examine  them  from  time  to  time,  shaking  them 
also  frequently.  A  slight  increase  of  the  temperature  up  to  50°  pro- 
motes the  digestion,  but  the  process  is  materially  retarded  by  the  tem- 
perature being  lowered  even  a  few  degrees  below  38°  or  raised  above  50°. 
(a)  On  examination  it  will  be  observed  that  the  solids  have  swollen 
up,  and  have  lost  somewhat  of  their  opacity,  while  the  milk  has  undergone 
coagulation  from  the  precipitation  of  the  casein.  Later  the  solids  fall 
asunder  and  are  digested  completely. 

(6)  A  few  c.c.  of  the  clear  fluid  are  to  be  removed  with  a  pipette 
from  each  of  the  small  flasks  every  fifteen  to  twenty  minutes  for  the 
first  hour,  and  again  after  two  hours  from  their  first  having  been  placed 
in  the  hot  chamber.  This  fluid  is  to  be  boiled^  when  it  will  be  seen 
that  coagulation  occurs  readily  with  the  specimens  removed  at  first,  but 
that  later  the  amount  of  coagulum  becomes  less  and  less,  until  at  last 
no  permanent  cloudiness  or  indication  of  a  jirecipitatc  occurs,  although 
before  this  is  found  many  hours  must  have  elapsed.  At  this  point 
remove  a  fresh  quantity  from  the  flask,  and  neutralize  it  carefully,  when 
a  precipitation  takes  place.  That  is,  the  albumen  has  been  changed  into 
a  body  which  does  not  coagulate  on  boiling,  and  which  is  thrown  doivn  by 
neutralization.  This  is  acid  albumen,  or,  as  it  has  also  been  termed, 
parapeptone,  syntonin,  or  albumose. 

(c)  Examine  specimens  at  a  still  later  period,  say  after  the  lapse  of 
four  or  even  ten  houi*s.  (But  if  the  peptones  are  required  earlier,  or  in 
larger  quantity,  digest  a  considerable  amount  of  the  proteid  with  the 
juice,  and  after  a  couple  of  hours  decant  and  filter  through  coarse  filter 
paper ;  neutralize  the  filtrate  accurately,  and  if  any  precipitate  of  acid 
albumen  occurs,  filter  it  ofl*,  and  the  peptones  will  be  obtained  in  this 
second  filtrate.) 

(1)  Boil — no  precipitate. 

(2)  Neutralize — no  precipitate. 

Acid  albumen  is  therefore  no  longer  present,  but  a  new  ho^j,  peptone. 
Apply  to  the  solution  the  different  tests  jriven  under  Albumen^  noting  that — 

(1)  It  gives  the  protein  reactions — Millon's,  the  xanthoproteic,  and  a  purple 
red  coloration  with  excess  of  Fehling's  solution. 

(2)  Itdialyses. 

(3)  It  is  precipitated  by  alcohol,  and  by  strong  solutions  of  mercurous  and 
mercuric  nitrate  and  mercuric  chloride,  plumbic  animonio-subacetate,  and  tannic 
acid. 

(4)  It  is  not  precipitated  by  acids  or  alkalies,  acetic  acid  and  potassic  ferro- 
cyanide,  nor  by  cupric  sulphate  or  earthy  salts. 

2.  Influence  of  Excess  of  Acid,  Temperature,  etc, — Place  frag- 
ments of  the  boiled  fibrin  in  three  additional  flasks,  and  add  to  these 
respectively  (1)  10  c.c.  dilute  hydrochloric  acid  (4  per  cent.),  (2)  10  c.c. 
artificial  gastric  juice  that  has  been  boiled,  and  (3)  10  c.c.  of  the  same 
juice  that  has  been  exactly  neutralized.  These  flasks,  when  labelled, 
are  to  be  placed  in  the  hot  chamber  (at  40°)  and  occa-sionally  examined. 
(4)  A  small  flask  containing  fibrin  and  artificial  gastric  juice  is  to  be 
placed  in  an  ice  chamber ;  and  (5)  three  other  flasks  with  the  same 
contents  as  in  (4),  but  with  the  fragment  of  fibrin  in  the  first  firmly 
wrapped  round  with  silk  thread,  and  with  the  addition  of  some  strong 
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solution  of  sodic  chloride  to  the  second,  and  some  drops  of  Strang  hydro- 
chloric acid  to  the  third,  are  also  to  be  placed  in  the  hot  chamber  (40°). 

Note :  with  (1)  that  no  peptone  has  been  formed,  acid  albumen  only  being 
present,  which  is  shown  by  its  precipitation  when  the  fluid  is  neutralized.  Acid 
alone  is  therefore  incapable,  or  nearly  so  (WittichY  of  forming  peptone. 
With  (2)  the  same  result  as  with  (1),  the  action  of  the  pepsin  having  been 
destroyed  by  the  boiling,  and  the  acid  alone  acting.  With  (3)  the  fibrin  re- 
mains unaltered,  the  pepsin  not  acting  on  the  fibrin  in  the  absence  of  free  acid; 
but  that  the  action  is  only  suspended  can  be  shown  by  adding  more  dilute 
hydrochloric  acid.  With  (4)  it  will  be  seen  that  the  low  temperature  stops 
the  action ;  while  in  (5)  the  digestive  action  is  greatly  retarded  by  the  fibrin 
being  prevented  from  swelling  up  by  the  mechanical  pressure  and  by  the  pres- 
ence of  excess  of  common  salt  and  of  acid. 

3.  To  show  the  cant inuous  ferment  action  of  the  pepsin^  place  some 
pieces  of  fibrin  in  a  small  dialyser,  and  having  added  a  sufficiency  of 
artificial  gastric  juice,  suspend  it  in  warm  water  inside  a  hot  chamber 
(40°).  If  fresh  acid  {\  per  cent,  hydrochloric  acid,  or  better  dilute 
phosphoric  acid)  is  poured  in  occasionally,  additional  pieces  of  fibrin 
may  continue  to  be  added  without  retarding  the  process,  conversion  into 
peptones  continuing,  which  w^onld  not  be  the  case  if  the  peptones  were 
allowed  to  accumulate,  but  as  they  dialyse  out  the  action  of  the  juice  is 
not  thereby  hindered. 

For  the  gastric  juice  to  act  advantageously  we  thus  see  that  it  mtist 
contain  pepsin^  and  that  it  is  necessary  for  the  tewperature  to  he  kept 
about  40°  C,y  for  a  normal  aciditi/  to  be  maintainedy  and  for  the  jt^^p- 
tones  formed  not  to  be  allowed  to  accumulate. 

« 

B.   By  Pancreatic  Juice. 

1.  Proceed  as  in  A,  using  glycerin  extract  of  pancreas  diluted  with 
sodic  carbonate  solution  (1  per  cent.)  instead  of  the  artificial  gastric 
juice,  and  fragments  of  boiled  fibrin  in  preference  to  any  of  the  other 
proteids. 

Peptones  will  be  formed,  as  with  the  gastric  juice,  and  it  will  be 
found  that  a  temperature  about  85°,  a  moderate  degree  of  alkalinity 
instead  of  acidity,  and  a  certain  lapse  of  time  are  necessary  for  the 
conversion.  The  physical  change  in  the  proteids  differs  slightly  from 
that  effected  by  the  artificial  gastric  juice,  as  is  well  seen  in  the  cjise  of 
the  fibrin,  where  this  body  api)ears  to  be  eaten  away  rather  then  ren- 
dered transparent  and  dissolved,  as  with  the  gastric  juice. 

2.  Some  of  the  peptone  formed  is  afterwards  decomposed  into  leucin 
and  tyrosin,  etc.  Let  the  digestion  go  on  for  a  day  or  two,  then  acid- 
ulate with  acetic  acid  and  boil,  and  if  any  precipitate  occurs  filter; 
evaporate  the  filtrate  at  about  65°,  and  when  considerably  reduced  in 
volume  add  to  it,  while  yet  hot,  alcohol  to  precipitate  the  peptones ; 
filter  after  twenty-four  hours,  and  having  evaporated  the  filtrate  to  a 
small  bulk,  let  it  cool,  when  tyrosin  crystallizes  out.  The  mother  liquor, 
when  decanted  and  evaporated  still  further,  yields  crystals  of  leucin. 
Purify  the  tyrosin  by  washing  it  on  a  filter  successively  with  ice-cold 
water,  spirit,  absolute  alcohol,  and  ether ;  and  after  allowing  the  crystals 
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of  leucin  to  drain  completely  on  a  filter,  proceed  exactly  with  their 
purification  as  with  the  tyrosin  crystals. 

(a)  Test  the  Leucin. — Note  the  appearance  of  the  leucin,  if  pure, 
in  the  form  of  white  and  glistening,  fatty -looking  leaflets,  and  under  the 
microscope  often  appearing  in  the  form  of  little  glistening  balls,  occa- 
sionally radially  striated.  Add  some  crystals  to  a  little  cnpric  hydrate 
in  a  test  tube,  and  an  intense  blue  fluid  will  be  obtained  on  boiling. 
Or,  if  the  dry  crystals  are  heated  in  a  subliming  tube,  the  leucin  will 
sublime  in  woolly  masses,  part  decomposing  with  the  odor  of  methyl- 
amine.  . 

(b)  Test  the  Tyrosin. — It  occurs  in  bunches  of  felted,  silky-looking 
white  needles,  though  occasionally  in  hard  white  balls.  Dissolve  a  few 
crystals  in  hot  water  and  boil  two  or  three  minutes  with  a  few  drops  of 
Millon*s  reagent,  and  a  rosy  red  to  a  dark  red  color  is  obtained  (Hoff- 
mann). Or  dissolve  some  crystals  in  strong  sulphuric  acid,  and  heat 
over  a  water  bath  for  half  an  hour ;  dilute  it  well  with  water  and  sat- 
urate with  carbonate  of  baryta,  filter,  evaporate  nearly  to  dryness,  and 
filter  again  if  necessary;  now  treat  the  residue  or  the  filtrate  with  very 
dilute  ferric  chloride  solution,  when  a  violet  coloration  is  obtained  (Piria). 

(<?)  The  ultimate  mother  liquor  is  then  to  be  tested  for  na2'>thil amine 
by  diluting  a  few  drops  of  it  with  water,  and  then  slowly  adding  chlorine 
water.,  when  a  rose-red  color  appears. 

(c/)  Boil  a  little  more  of  the  same  diluted  mother  liquor  in  a  test 
tube,  then  add  a  few  drops  of  dilute  sulphuric  acid  and  of  a  dilute 
nitrite  solution^  and  a  red  color  shows  itself,  indicating  the  presence  of 
indoL 

Instead  of  the  nitrite  a  solution  may  be  employed  of  nitrous  acid, 
readily  obtained  by  filling  a  small  flask  with  the  red  fumes  of  nitrous 
acid  by  boiling  a  little  nitric  acid  with  copper  foil,  then  suddenly  invert- 
ing the  flask,  and  having  thus  discharged  the  foil  and  nitric  acid,  adding 
a  little  cold  water  and  shaking  for  a  few  minutes. 

III.  Digestion  of  Fats. 

A.  By  Pancreatic  Juice, — Use  a  fresh  watery  infusion,  as  a  simple 
watery  infusion,  if  kept,  tends  to  become  acid. 

1.  It  emulsifies.  Rub  a  little  olive  oil  or  melted  lard  (of  a  temper- 
ature below  40°)  with  rather  more  than  twice  its  volume  of  the  simple 
watery  alkaline  infusion  of  pancreas  in  a  small  mortar  that  has  been 
taken  warm  out  of  hot  water.  A  cream v  emulsion  is  formed,  which 
remains  as  such  for  several  hours. 

2.  It  also  saponifies^  decomposing  the  fat  and  liberating  the  fatty 
acid  and  glycerin.  Add  a  little  of  the  watery  infusion,  that  has  been 
carefully  neutralized,  to  a  few  drops  of  olive  oil  in  a  test  tube.  Shake 
well  and  expose  to  a  gentle  heat  for  a  short  time.  Then,  by  means  of 
a  pipette,  transfer  a  drop  from  the  bottom  of  the  test  tube  to  a  piece 
of  blue  litmus  paper,  and  a  red  spot  will  be  left  when  the  drop  is 
thrown  off. 

B.  By  Bile. — 1.  Rub  some  olive  oil  with  an  equal  amount  of  fresh 
ox  bile  in  a  mortar,  and  then  pour  the  mixture  into  a  small  flask, 
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where  it  is  to  be  well  shaken  for  some  minutes.   An  emulsion  is  formed^ 
which  remains  permanent  for  a  short  time. 

2.  To  show  that  faity  bodies  more  readily  penetrate  membrane 
moistened  with  bile  titan  with  water,  take  two  small  filters,  and  after 
brushing  one  with  water  and  the  other  with  fresh  bile  or  a  watery  so- 
lution of  it,  pour  an  equal  quantity  of  oil  into  each  filter,  and  leave 
aside  for  a  few  hours,  taking  care  to  keep  the  filters  suflficiently  moist- 
ened on  their  outer  or  lower  surface  with  water  and  bile  respectively. 
It  will  then  be  seen  that  some  of  the  oil  has  passed  through  the  filter 
moistened  with  bile,  but  none  through  that  wetted  with  water.  • 


CHAPTER  VI. 

CHEMISTRY  OF  THE  DIGESTIVE  SECRETIONS. 

The  Saliva. — This  is  the  first  secretion  to  whose  action  the  food  is 
exposed.  It  is  the  product  of  the  combined  secretion  of  the  parotid, 
submaxillary,  and  sublingual  glands.  In  the  mouth  these  secretions 
are  mixed  together  as  well  as  with  the  mucus  secreted  in-  that  cavity 
itself.  The  mixed  saliva  forms  a  clear  or  glairy,  frothy,  and  generally 
turbid  fluid  witliout  taste  or  smell,  having  a  sp.  gr.  oi  1002  to  lOOG, 
an  alkaline  reaction,  and  almost  0*5  per  cent,  of  solids,  of  which  0*2 
consists  of  salts,  and  the  rest  of  ptyalin,  globulin,  and  serum  albumen. 
It  deposits  a  sediment  in  which  are  epithelial  cells  from  the  mouth  and 
salivary  corpuscles — little  bodies  resembling  the  pale  corpuscles  of  the 
blood  and  probably  derived  therefrom.  The  alkaline  reaction  seems  to 
depend  on  the  i)resence  of  bicarbonates  and  phosphates  of  the  alkalies, 
though  the  combination  of  the  ptyalin  with  soda  may  assist.  Saliva 
from  different  individuals  may  show  a  constant  difference  in  alkalinity, 
although  it  varies  only  within  narrow  limits;  and  while  showing  within 
certain  limits  in  the  same  individual  a  constant  degree  of  alkalinity, 
there  is  a  decided  and  constant  difference  in  different  individuals,  but 
no  constant  corresponding  difference  in  diiistatic  action  (Chittenden). 

Chemical  Composition. — The  important  bodies  present  in  saliva  are 
the  diastatic  ferment,  ptyalin,  mucin,  and  the  chlorides  of  sodium  and 
potassium ;  in  addition  are  found  traces  of  albumen,  fat,  potassic 
sulphocyanide,  sulphates  and  phosphates  of  the  alkalies  and  alkaline 
earths,  and  sometimes,  even  in  normal  saliva,  urea  and  ammonic  nitrite. 

Mixed  <Sfci7/ra— Human  (Jacubowitsch). 

Water 99-51 

Solids 0-48 

Soluble  organic  bodies  (ptyalin,  etc.)       ....  0*13 

Epithelium O'lB 

Inorganic  salts 0*182 

Potassic  sulphocyanide 0*006 

Potassic  and  sodic  chlorides 0*084 
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Mixed  Saliva — Hnman  (Hammebbacheb). 

Water »2-42 

Solids 0-58 

Epithelinm  and  mucin       0*22 

Ptyalin  and  albumen 0*14 

Inorganic  salts       0'22 

Potassic  sulphocyanide 0*004 

In  100  Pafi8  SoUd8, 

Epithelium  and  mucin  ....*. 37*98 

Ptyalin  and  albumen 23  97 

Inorganic  salts 38*03 

In  100  Farts  Ash. 

Potash 45*71 

Soda 9-59 

Lime 501 

Magnesia 016 

Phosphoric  anhydride 18*85 

Sulphuric           "            6*38 

Chlorine 18*35 

1*8  per  cent,  of  the  sulphuric  acid  existed  as  such,  the  rest  being  derived  from 
the  organic  matter. 

Enderlin  pves  in  the  100  parts  of  ash  92*37  a^s  soluble  and  5*.')1  an 
insoluble,  of  which  sodic  chloride  =  Gl*93,  sodie  phosphate  =  2812,  phosphate 
and  carbonate  of  lime  =  5*51,  and  sodic  carbonate  =  2*31. 

Parotid  Saliva     Submaxillary 
(Human).        Saliva  (Dog). 


Water 

Solids       

Mucin  and  epithelium 
Soluble  organic  bodies 
Potassic  sulphocyanide 
Inorganic  salts      .    .    . 


(hoppk  SEYLSR.)  (UKRTER.) 

99*32  99*44 

0*68  0*59 

;    0  34  Q.j^ 

0*03  — 

0*34  0*43 


Saliva  of  Horse  (Ellenbergeb  and  Hofmeistkr). 

Parotid.  Submaxillary. 

Sp.gr 1006-1007*5       1003 

Water 99*16  99*25 

Solids 0-84  0*75 

Salts 0*59  0*25 

Organic  matter 0*24  0*49 

Acid  albuminate  0008  0058 

Albumen 0174  — 

Fat 0001  — 

Mucin —  0*358 

In  100  Parts  Ash. 

Soluble 9314 

Insoluble       686 

Sodic  chloride 4005 

Potassic    "        24*35 

Phosphate  and  carbonate  of  lime 680 

Sodic  carbonate 23*36 

Some  authorities  pve  the  mucin  in  submaxillary  saliva  as  about  0*2  [>er 
cent.,  the  ptyjUin  as  about  0*11  per  cent.,  and  the  salts  0*2  per  cent.,  of  which 
the  chlorides  form  0*07  per  cent,  and  the  phosphates  0*08  per  cent. 
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Gases  of  the  Submaxillary  Saliva  (PflCgeb). 

Per  cent. 

Oxygen 04  to    O'B 

Free  carbonic  anhydride 19*3  "  225 

Combined  "  299  "  42*2 

Nitrogen 07  "     08 

The  secretion  is  therefore  much  richer  than  venous  blood  in  carbonic  acid 
and  j)Oorer  in  nitrogen. 

The  parotid  secretion  is  very  clear  and  watery,  and  not  at  all  viscid. 
It  contains  little  or  no  mucus  or  formed  elements.  The  reaction  of  the 
first  secreted  saliva  is  less  alkaline  than  that  secreted  later,  although, 
according  to  Astaschewskv,  it  has  a  faintly  acid  reaction  that  gives 
place  to  an  alkaline  reaction  when  the  mucous  membrane  of  the  mouth 
is  slightly  irritated.  On  standing  the  secretion  becomes  turbid,  owing 
to  the  escape  of  carbonic  acid  and  the  consequent  precipitation  of  calcic 
carbonate.  When  the  saliva  is  boiled  this  salt  is  likewise  deposited, 
and  a  slight  coagulum  of  albumen  is  formed.  Of  the  ferment  ptyalin 
about  i  per  cent,  luis  been  obtained  in  the  human  parotid  saliva,  but 
only  about  4-  per  cent,  in  that  of  the  horse,  while  in  rabbits  and  guinea 
pigs  it  is  more  abundant  than  in  man ;  parotid  saliva  accordingly  is  com- 
paratively rich  in  ptyalin  and  poor  in  mucin.  It  also  varies  in  amount 
during  the  day,  less  being  secreted  immediately  after  a  meal.  As  con- 
stituents more  or  less  peculiar  to  it  the  parotid  saliva  contains  para- 
globulin,  caproic  acid,  urea,  and  traces  of  sulphates. 

The  sublingual  saliva  is  rich  in  salivary  corpuscles  and  mucus,  and 
is  strongly  alkaline,  very  viscid  and  thready,  and  appears  to  be  the 
richest  of  the  salivas  in  solids  and  ptyalin.  IIeidexhain  found  2*75 
per  cent,  of  solids  in  the  dog.  Traces  of  cholesterin  and  fat  have  been 
met  in  it. 

The  character  of  the  submaxillari/  saliva  is  dependent  on  the  excit- 
ing stimulus  to  its  secretion — it  is  more  alkaline  than  the  parotid 
secretion,  and  more  viscid  from  the  presence  of  mucus;  it  is  also  rich 
in  corpuscles,  poor  in  ptyalin,  and  has  an  average  specific  gravity  of 
1002  to  1003. 

(a)  Stimuhitioa  of  the  chords  tympani  or  of  the  lingual,  as  when  acids 
are  applied  to  the  surface  of  the  tongue,  causes  a  normal  rich  alkaline  secretion 
(rhonhd  saliva),  but  apparently  containing  no  ptyalin;  a  much  quicker  stream 
of  arterial  blood  also  traverses  the  gland ;  but  with  long-continued  stimulation 
the  percentage  of  organic  solids  somewhat  diminishes,  although  at  first  the 
mucin  is  specially  increased*,  strong  stimulation  also  particularly  augmenting 
the  organic-  solids.  The  secreted  saliva  is  moreover  1°  warmer  than  the  arterial 
blood  entering  the  gland  (Li'DWiG).  Heidknuatx  gives  the  solids  as  3  per 
cent.,  of  which  25  are  organic  and  0  5  inorganic;  but  by  other  authorities 
they  are  given  its  1'2  to  1-4  per  cent. 

(ji)  Stbmdiition  of  the  spnjnitheticy  or  the  application  of  pepper  or  alkalies 
to  the  tongue,  causes  an  outpouring  of  a  strongly  alkaline  secretion  {sympa- 
thetic salivfi)  of  high  specific  gravity  (1007  to  1018),  but  it  is  viscid  and  tur- 
bid, flows  slowly,  and  is  very  rich  in  mucus  and  irregularly  formed  cell  elements. 
The  small  arteries  are  contracted  and  the  current  of  blood  is  rendered  slower, 
the  venous  blood  being  very  dark  and  poor  in  oxygen.  In  this  secretion  2*7 
per  cent,  solids  may  be  present  (Eckhard),  or  as  much  as  5*8  per  cent. 
(Heidenhain). 
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(>  )  The  secretion  may  also  follow  paralysis  of  tlie  nerves  supplyw<f  the 
gland^  either  from  section  or  curara  poisoning  (paralytic  saliva,  Bernard). 
It  is  very  watery  and  contains  little  solids  or  mucus. 

Quantity  and  Stimuli, — The  amount  secreted  in  the  twenty-four 
hours  cannot  be  constant,  for  estimates  varying  between  13  oz.  and 
3*3  lbs.  have  been  given.  Its  secretion  may  be  excited  by  the  sight 
or  even  the  thought  of  food;  also  by  the  movements  of  mastication,  the 
vapors  of  ether  or  acetic  acid,  or  by  electric  excitation.  Jacobson's 
nerve  when  stimulated  causes  a  watery  secretion  in  which  the  ptyalin, 
albumen,  and  salts  are  diminished ;  and  when  stimulation  of  the  sym- 
pathetic occurs  simultaneously  a  copious  secretion  is  obtained  containing 
the  organic  constituents  in  abundance  together  with  a  slight  increase 
of  the  salts.  In  a  previous  paragraph  the  stimuli  that  excite  secretion 
in  the  submaxillary  gland  have  been  referred  to  in  detail.  Atropin 
paralyzes,  while  pilocarpin  and  eserin  stimulate  the  activity  of  the 
gland. 

Functions, — It  moistens  the  food,  and  by  keeping  the  mucous  sur- 
face of  the  mouth  wet  it  assists  in  mastication  and  deglutition.  Fats 
are  very  feebly  emulsified  by  saliva,  and  soluble  substances,  such  as 
sugar,  are  dissolved,  thus  enabling  them  to  be  tasted;  but  its  great 
function  is  the  conversion  of  some  of  the  starch  of  the  food  into  sugar; 

3(C.H,.0,)+3H,0=CaH,A+2(CeH.A)+2H,0=3(CeHiA)- 

starch.  grape  sugar.  dextrin. 

According  to  Mering,  however,  when  starch  is  acted  on  by  saliva 
it  yields  dextrin  and  maltose  [G^^^Oy^  at  first,  but  by  a  prolonged 
action  some  grape  sugar  is  produced  as  the  result  of  decomposition  of 
the  maltose.  Two  different  dextrins  also  are  produced,  of  which  one 
is  attacked  by  ferments  and  the  other  not. 

The  rapidity  of  the  conversion  of  the  starch  depends  not  only  on 
the  quality  of  the  saliva,  the  parotid  acting  more  slowly  than  the  sub- 
maxillary, owing  to  the  smaller  proportion  of  pepsin  present  in  it ;  but 
also  it  is  affected  by  the  quality  and  aggregation  of  the  starch.  The 
diastatic  ferment  on  which  the  property  depends  is  destroyed,  as  we 
have  already  seen,  by  a  high  temperature,  by  the  rapid  action  of  strong 
acids  and  alkalies,  or  by  the  prolonged  action  of  weak  acids  or  alkalies. 
Chittenden  and  Griswold  find  that  the  presence  of  acid,  as  hydro- 
chloric, to  the  amount  of  0*005  per  cent,  decidedly  increases  the 
diastatic  action,  while  an  increase  beyond  this  diminishes  it,  the  action 
stopping  with  solutions  of  acid  from  0*1  to  0*4  per  cent. ;  the  diastatic 
action  of  the  saliva  would  therefore  appear  soon  to  cease  in  the  stomach, 
but  the  peptones  in  that  organ  exercise  a  decided  influence  on  salivary 
digestion,  stimulating  the  ferment  to  increased  action,  particularly  in 
presence  of  acid,  which  by  itself  may  completely  prevent  the  conversion 
of  starch  into  sugar. 

Peptone-forming  ferments  have  been  isolated  from  the  saliva  of 
some  animals  by  HCfner  and  Munk,  which  digest  fibrin  in  presence 
of  0-02  per  cent,  hydrochloric  acid.  HOfner's  feiment  acts  in  an 
acid  as  well  as  in  an  alkaline  medium,  but  Munk's  only  in  an  acid 
medium. 
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In  addition  to  its  action  on  starch  the  saliva  also  serves  to  carry 
away  potash  salts  and  excess  of  water  which  are  absorbed  lower  down, 
thus  helping  to  maintain  a  constant  round  in  the  circulation. 

Eeactions. — 1.  When  saliva  is  boiled  it  becomes  turbid  from  the 
the  precipitation  of  albumen ;  and  a  similar  precipitate  can  be  obtained 
by  the  action  of  alcoliol,  acetate  of  lead,  mercuric  chloride,  and  tannin. 

2.  Ferric  chloride  gives  with  it  a  blood  red  color,  owing  to  the 
presence  of  potassic  sulphocyanide.  This  red  color  is  removed  by 
mercuric  or  auric  chloride,  but  not  by  hydrochloric  acid;  the  presence 
of  alkaline  solutions  or  of  energetic  oxidizing  or  reducing  agents  inter- 
feres with  its  delicacy.  The  red  color  resembles  that  given  by  meconic 
avid,  but  the  color  of  the  meconate  thus  formed  is  not  bleached  by 
mercuric  chloride.  Acetic  and  formic  acids  also  give  a  red  tint,  but 
this  is  removed  by  hydrochloric  acid.  To  obtain  this  reaction  satisfac- 
torily it  may  often  be  necessary  to  distil  the  saliva  with  phosphoric 
acid,  and  test  the  first  of  the  distillate.  The  test  may  also  be  thus 
applied;  Immerse  strips  of  paper  in  an  amber-colored  solution  of  ferric 
chloride  to  which  a  few  drops  of  hydrochloric  acid  have  been  added, 
and  then  let  them  dry.  A  drop  of  saliva  will  give  a  red  spot  if  applied 
to  the  paper  thus  prepared. 

3.  Immerse  a  piece  of  Swedish  filter  paper  in  freshly  prepared 
tincture  of  guaiacum,  and  after  it  has  dried  pass  it  through  a  dilute 
colorless  (about  -^q^  per  cent.)  solution  of  cupric  sulphate.  When  a  bit 
of  this  prepared  paper  is  immersed  in  saliva  it  becomes  blue  at  once 
(BOtt(;er's  test). 

4.  It  gives  a  yellow  or  blue  coloration  on  the  addition  of  iodic 
acid,  owing  to  the  liberation  of  iodine  (Solera).  And  the  presence  of 
nitrous  acid  may  be  shown  by  the  yellow  coloration  given  with  diamido- 
benzol  sulphate. 

Determination  of  the  Sulphocyanide  or  Thiocyanate  (KCNS). — Dis- 
solve perfectly  dry  potassic  sulphocyanide  0*05  gram  in  water  (say  100  c.e.), 
and  add  to  it  ferric  chloride  till  no  more  intensity  of  color  is  produced ;  then 
measure  the  volume  of  liquid.     This  is  the  test  solution  a. 

Now  take  a  definite  volume  of  the  saliva,  and  place  it  in  a  small  graduated 
cylindrical  glass  vessel ;  add  to  it  a  drop  or  two  of  hydrochloric  acid  and  ferric 
chloride  with  brisk  stirring  until  its  maximum  of  intensity  of  color  is  obtained ; 
call  this  h. 

Having  carefully  noted  the  intensity  of  tint  of  h,  place  three  or  four  sim- 
ilar cylinders  to  tliat  holding  tlie  saliva  beside  it  on  a  piece  of  white  paper  in  a 
good  liglit:  then  add  to  one  of  these  by  means  of  a  graduated  pipette  a  few 
c.c.  of  the  ferric  sulphocyanide  solution  (a) ;  make  it  up  to  the  same  volume 
as  the  saliva  (b)  with  distilled  water.  After  stirring  well  note  the  intensity  of 
color  by  looking  vertically  downwards  through  the  colunm  of  liquid,  and  com- 
pare it  with  that  of  the  saliva.  If  not  so  deep  a  red  tint,  a  fresh  experiment 
must  be  made  in  the  same  way,  but  using  more  of  the  sulphocyanide  test  solu- 
tion. We  thus  proceed  till  an  equal  intensity  of  color  is  obtained  in  the  two 
columns  of  liquid.  From  the  amount  of  the  test  solution  a  required  we  can 
easily  calculate  the  percentage  of  sulphocyanide  in  the  saliva. 

Pathology. — In  catarrh  of  the  mouth  and  intestinal  tract  the  saliva  is 
acid  J  also  occasionally  acid  in  carcinoma  of  the  liver  and  typhus  fever,  in 
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muguet,  and  frequently  in  dyspepsia,  though  in  this  last  it  may  be  due  to 
admixture  with  acid  mucus.  In  diabetes  the  saliva  may  be  acid  and  contain 
lacdc  acid,  but  this  is  exceptional ;  it  may  have  a  fottid  odor  in  gingivitus, 
scurvy,  and  mercurial  salivation ;  in  liver  diseases  hile  piyrtients  may  show 
themselves  (Wright),  though  this  is  denied  by  Hoppe  Seyler  ;  in  Bright's 
disease  urea  is  abundant,  and  in  hysteria  leucin  has  been  found.  The  amount 
may  be  much  diminished  in  fevers,  and  in  chlorosis  it  is  very  poor  in  organic 
and  inorganic  solids.  In  the  period  of  dentition  of  children  the  amount  is 
abnormally  increased;  the  same  may  be  sometimes  observed  in  hysteria,  and 
especially  after  the  prolonged  use  of  mercury.  In  mercurial  salivation  the  secre- 
tion is  alkaline,  rich  in  solids,  especially  in  mucus,  and  in  fats,  salts,  and  albu- 
men ;  it  is  oft«n  less  transparent,  and  seldom  contains  any  sulphocyanide ;  but 
later  it  becomes  thinner  and  clearer,  and  contains  sulphocyanide  and  mercury. 
After  the  use  ofiodidjes  and  bromides  these  bodies  rapidly  appear  in  the  saliva; 
but  neither  salts  of  mercury  nor  iron  are  thus  excreted,  although  the  former  are 
stated  to  appear  by  some  observers.  That  the  saliva  may  become  poisonous, 
or  at  least  much  altered  in  its  properties,  when  secreted  under  the  influence  of 
passion  is  very  probable. 

Salivary  calculi  are  occasionally  met  with,  of  an  elongated  form,  a  dirty 
white  color,  and  formed  of  concentric  layers.  They  vary  in  size,  appearance, 
and  composition,  but  their  components  arc  generally — 

Per  cent. 

Calcic  phosphate 30  to  80 

"      carbonate- 11  "  15 

Organic  matter 5  '*  25 

The  tartar  of  the  teeth  is  of  a  grayish,  yellowish,  or  brownish  color;  tufts 
of  leptofhrix  huccalis  are  generally  present;  and  it  consists  chiefly  of  phos- 
phate of  lime  with  a  little  carbonate  of  lime  and  phosphate  of  iron : 

Per  cent. 

Calcic  phosphate 55  to  64 

"       carbonate 7  ''     8 

Ferric  phosphate 1  "     3 

Residue  consisting  of  organic  matter,  salts  of 

the  alkalies,  and  silica,  etc 24  "  28 


CHAPTER  VII. 

GASTRIC  JUICE. 

The  gastric  juice  is  a  thin,  transparent,  faintly  yellowish  fluid, 
having  an  intensely  acid  reaction,  a  specific  gravity  varying  between  1001 
and  1010,  and  containing  from  J  to  1  per  cent,  solids,  of  which  two- 
thirds  or  less  is  organic  and  one-third  inorganic. 

In  addition  to  the  acid  gastric  juice  secreted  by  the  stomach  an  al- 
kaline juice,  or  8UCCUS  pyloricus  (Klemensiewicz),  is  furnished  by  the 
pyloric  end ;  while  the  latter  is  continuous  in  its  secretion  the  former  is 
intermittent.  The  normal  juice  of  the  stomach  consists  of  a  mixture  of 
these  two.  The  succus  pyloricus  is  described  as  being  alkaline,  having  a 
specific  gravity  of  1009  to  1010,  and  1-6  to  2  per  cent,  of  solids,  and 
is  said  to  convert  starch  into  sugar,  and  to  digest  albumen  after  the 
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addition  of  hydrochloric  acid,  also  dissolving  gelatin,  but  having  no 
action  on  fat.  This  pyloric  juice  gives  the  mucin  reactions,  as  well  as 
a  milky  flocculent  precipitate  with  nitric  acid.  In  a  state  of  rest  the 
slimy  secretion  formed  by  the  stomach  is  .alkaline. 

Quantity, — The  amount  is  very  variable,  and  very  widely  differing 
estimates  have  been  given  as  to  the  quantity  secreted  in  the  twenty-four 
hours.  Bidder  and  Schmidt  gave  it  as  14  lbs.,  C.  Schmidt  and 
GrDxewald  as  24-6  per  cent,  of  the  body  weight  (over  36  lbs.)  in  the 
twenty-four  hours,  or  about  18  oz.  per  hour.  It  may  be  stated  to  vary 
between  16  to  31  lbs.,  or  an  average  of  20  pints. 

Chemical  Composition. — The  important  constituents  are  free  acid  and 
pepsin  ;  this  acid  is  hydrochloric,  and  it  is  the  only  acid  the  fresh  juice 
contains,  but  on  standing  traces  of  lactic,  acetic,  or  butyric  may  show 
themselves  (Richet).  The  free  hydrochloric  acid  forms  0*24  to  0*42 
per  cent.  (Schmidt)  ;  but  the  mean  acidity,  according  to  Richet,  is 
0*17  per  cent.,  though  it  is  occasionally  as  high  as  0*32  per  cent,  and  as 
low  as  0-05  per  cent.  The  juice  is  more  acid  during  digestion,  and  the 
amount  increases  with  the  process ;  but  the  acidity  is  not  so  variable  as 
the  proportion  of  pepsin ;  Schmidt  gives  the  latter  as  0*3  per  cent.; 
but  Schmidt's  pepsin,  as  we  have  seen,  waa  impure.  In  the  dog  the 
free  acid  is  nearly  six  times  what  it  is  in  man,  although  Szabe  is  of 
opinion  that  the  free  acid  of  human  gastric  juice  is  much  more  than  is 
generally  supposed  (0*3  per  cent.) 

Analysis  of  Gastric  Juice  [Human)  mired  xcith  some  Saliva. 

(After  C.  Schmidt,  etc.) 

Water 99*44 

Solids 0-56 

Organic  substaiut'S  (pepsin  and  peptones)      .     .     0*32 

Free  hydrochloric  acid 0*25 

Sodic  chloride 0*14 

Potassic    " 005 

Calcic        " 0-006 

Phosphates  of  lime,  magnesia,  and  iron      .     .     .     0*015 

When  gastric  juice  is  added  to  a  mixture  of  starch  and  potassic 
iodide  and  iodate,  the  free  hydrochloric  acid  causes  a  blue  color  to  appear, 
although  the  juice  does  not  generally  effervesce  with  bi  carbon  a  t<?s. 
Boiling  causes  no  precipitation  of  the  juice,  but  a  precipitate  is  given 
with  acetate  of  lead,  and  silver  nitrate,  and  alcohol  in  excess. 

In  gastric  juice  we  generally  meet  with  some  mucin  as  well  as  pep- 
tones; also  traces  of  fats,  while  phosphates  and  sulphates  of  the  alkalies 
are  almost  completely  absent.  Great  differences  exist  in  health  in  the 
gastric  juice  even  of  the  same  animal,  and  in  dogs,  sheep,  and  horses 
the  solids  are  more  abundant  than  in  man. 

According  to  Beciiamp  the  active  organic  matter  of  the  gastric  juice 
in  the  glands  of  the  stomach  is  formed  of  isolated  microzymas  (see  page 
136),  and  of  microzymas  still  united  as  granular  nuclei  of  the  glandular 
cells.     In  presence  of  hydrochloric  acid  this  matter,  which  is  a  special 
modification  of  albuminoid  substance,  is  capable  of  dissolving  fibrin, 
casein,  etc.     Simultaneously  with  the  destruction  of  the  cells  an  organi- 
zation occurs,  and  new  cells  replace  those  that  disappear;  and  as  the 
production  is  greater  than  the  consumption  the  gland  does  not  dissolve. 
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Hamharsten  also  describes  two  additional  ferments  as  present  in  the 
stomach,  which  are  concerned  in  the  precipitation  of  casein  from  milk  and  in 
the  conversion  of  milk  sugar  into  lactic  acid.  The  absence  of  these  ferments 
in  certain  pathological  conditions  of  the  stomach  would  explain  certain  anomalies 
occasionally  observed  in  the  digestion  of  milk. 

Digestive  Action. — 1.  It  acts  especially  on  albuminous  bodieg,  con- 
verting them  into  peptones,  soluble  albumens  being  first  coagulated. 
The  amount  of  the  albumens  rendered  dialysable  and  assimilable  in  the 
stomach  varies  somewhat  with  the  character  of  the  juice  and  the  dura- 
tion of  their  sojourn  in  the  stomach ;  but  gastric  digestion  is  always  in- 
complete, and  is  only  terminated  in  the  intestine.  Between  albumen 
and  the  peptone  formed  there  are  certain  intermediate  products  to  which 
different  names  have  been  given,  although  probably  they  are  identical 
or  nearly  so,  such  as  albumose,  acid  albumen,  syntonin,  parapeptone,  etc. 
Considerable  difference  of  opinion  also  exists  as  to  the  ultimate  trans- 
formation of  the  albumen,  some  regarding  it  as  becoming  completely 
converted  into  peptone  (BrCcke),  and  others  considering  this  transfor- 
mation to  be  incomplete,  a  variable  amount  of  unchanged  parapeptone 
making  its  appearance  at  the  same  time  (Meissner).  The  quantity  of 
peptones  present  in  the  stomach  appears  to  be  practically  the  same  at 
all  times  during  the  digestion,  indicating  that  after  the  formation  of  a 
definite  quantity  of  the  digestive  products  the  removal  of  these  bodies 
keeps  pace  with  their  digestion  (Schmidt  MCliieim). 

2.  Chondrin  is  acted  on  slowly,  cartilages,  however,  furnishing  some 
sugar  as  a  part  of  their  digestion.  In  some  animals,  as  dogs,  bones  are 
capable  of  partial  or  complete  gastric  digestion.  Gelatinous  bodies 
quickly  swell  up  and  dissolve,  and  in  this  change  Etzixger  thinks  that 
the  pepsin  alone  combines.  He  found  even  elastic  tissue  to  be  more  or 
less  digestible. 

3.  Fats  are  chemically  unaltered,  except  in  so  far  that  the  connec- 
tive tissues  or  proteid  framework  in  which  the  fat  cells  are  embedded  is 
loosened  and  more  or  less  dissolved,  and  partly  also  the  walls  of  the  cells 
themselves,  so  as  to  set  free  some  of  the  fat;  this  is  melted,  and  tends 
to  run  into  drops,  and  to  be  imperfectly  emuLsionized.  If  fats  are  pres- 
ent in  large  amount  they  interfere  with  digestion. 

4.  The  converaion  of  starch  into  sugar  by  the  action  of  the  swallowed 
saliva  still  goes  on  (Scfiiff),  but  possibly  more  slowly  than  in  the 
mouth ;  some  maintain,  however,  that  the  conversion  stops  in  the  stomach. 
Zawilski  states  that  erythrodextrin  as  well  as  achroodextrin  are  con- 
verted into  sugar  by  the  action  of  pepsin  alone  without  acids,  even  when 
the  entry  of  saliva  is  prevented. 

5.  Certain  salts  are  rendered  soluble,  carbonates  passing  into  chlo- 
rides, phosphates  to  acid  phosphates,  etc. 

6.  The  gastric  juice  prevents  certain  fermentations  and  decomposi- 
tions occurring  in  the  stomach,  this  being  probably  due  to  the  presence 
of  free  acid. 

7.  No  action  appears  to  occur  on  horny  tissue,  mucin,  nuclein,  amy- 
loid substance,  wax,  cellulose,  saccharine  and  gummy  bodies,  except  in 
effecting  a  simple  solution  of  some  of  them. 

11 
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8.  The  product  of  gastric  digestion  is  named  chyme;  it  is  from  time 
to  time  ejected  through  the  pylorus,  sometimes  being  accompanied  by 
some  of  the  undigested  food;  but  this  does  not  generally  begin  to  occur 
until  one  or  two  hours  after  digestion  has  begun.  But  it  would  be  im- 
possible, with  our  present  knowledge,  to  say  exactly  how  long  food  re- 
mains in  a  healthy  stomach,  or  how  much  of  the  digested  materials  are 
absorbed  there.  As  we  have  seen  (in  1)  there  are,  however,  many 
reasons  for  believing  that  the  peptones  are  in  great  part  absorbed,  or 
at  least  leave  the  stomach  soon  after  they  are  formed,  and  the  future 
peptonization  consequently  greatly  favored.  The  chyme  contains  some 
•peptone,  as  well  as  the  unabsorbed  products  of  the  uncompleted  diges- 
tion of  the  albumen,  as  nitrogenous  matter  in  a  dissolved  and  in  a  finely 
divided  form  in  a  state  of  suspension ;  there  may  be  present  also  other 
bodies  that  have  undergone  little  or  no  digestion,  such  as  epitheliums, 
fats,  cellulose,  starch,  etc.  Its  reaction  is  acid,  but  after  its  arrival  in 
the  intestine  and  its  admixture  there  with  the  bile  and  pancreatic  juice 
the  acidity  is  lessened,  until  in  the  jejunum  it  becomes  freely  alkaline, 
a  reaction  that  the  intestinal  contents  continue  to  present  till  an  acid 
fermentation  is  set  up  in  the  caecum.  But  if  admixture  with  the  bile 
does  not  at  once  neutralize  the  acid  of  chyme,  it  immediately  precipi- 
tates the  pepsin  and  part  of  the  peptones  contained  in  it. 

Theories  as  to  the  Nature  of  the  Digestive  Action  of  the  Oastric  Juice. 

— 1.  That  it  acts  like  very  dilute  hydrochloric  acid,  the  pepsin  merely 

hastening  the  process.  2.  Schmidt  regards  the  pepsin  and  the  hydro- 
chloric acid  as  being  loosely  combined,  and  believes  that  in  the  process 
of  digestion  this  pepto-hydrochloric  acid  unites  with  the  albuminous 
bodies.  3.  Meissner  was  of  opinion  that  in  the  digestion  of  proteids 
two  bodies  are  formed — the  peptones,  readily  assimilable,  and  a  peculiar 
parapeptone  that  requires  subsequent  modification  before  being  absorbed. 
Hammarsten,  on  the  other  hand,  states  that  pure  pepsin  transforms 
egg  albumen  entirely  into  peptones,  without  giving  a  trace  of  parapep- 
tone. This  parapei)tone  of  SIeissxer  corresponds  to  the  antialbumate 
which  KtiiNE  asserts  makes  its  appearance  with  an  imperfect  digesting 
fluid.  Mkissner  also  described  a  series  of  peptones  difiering  slightly 
one  from  the  other,  which  he  said  were  formed  in  the  process.  4.  That 
the  acid  softens  and  swells  the  proteid,  while  the  pei)sin,  acting  as  a 
ferment,  chymifics,  the  process  most  probably  being  one  of  hydration, 
possibly  even  originating  in  the  simple  splitting  up  of  the  larger  pro- 
teid molecules.  On  this  view  the  albumens  mav  be  regarded  more  or 
less  as  anhydrides,  and  the  j)eptones  as  hydrates.  It  does  not  appear 
that  a  simultaneous  action  of  the  acid  and  the  pepsin  is  necessary,  for 
if  finely  divided  fibrin  is  digested  for  some  time  with  a  dilute  solution 
of  pepsin,  then  washed  with  water,  and  digested  at  38°  for  two  days 
with  hydrochloric  acid  (0*4  per  cent.),  it  dissolves  almost  completely. 
The  liquid,  when  mixed  with  an  equal  volume  of  alcohol  and  filtered, 
yields  a  solution  of  peptone  not  precipitated  by  nitric  acid.  The  pep- 
sin would  thus  appear  to  combine,  in  an  insoluble  form,  with  certain 
albuminoid  substances,  so  modifying  them  that  they  undergo  hydration 
in  pure  water  at  40°  with  the  formation  of  true  peptones  (WuRTz). 

According  to  BrOcke  the  proteid  is  first  converted  into  syntonin, 
and   this  subsequently  into  peptone.     KChne  regards  every  natural 
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proteid  as  consisting  of  a  combination  of  two  residues  of  an  anti-  group 
and  hemi'  group,  into  which  it  may  be  split  by  the  action  of  gastric  or 
pancreatic  juice;  that  these  bodies  are  further  respectively  converted 
into  an  antipeptone  and  a  hemipeptoiie^  these  bodies  being  preceded, 
however,  by  the  formation  of  syntonin-like  substances,  anti-  and  Jiemi- 
albunwse.  But  in  pancreatic  digestion  the  hemipei)tones  may  undergo 
even  further  change  and  be  partly  converted  into  leucin  and  tyrosin. 

Peptic  Digestion. 

Albumen 

containing  a  Jtcmi'  and  an  finti-  residue. 


Antialbiiuiose.  IIemial)>umose. 


Antipeptone.  llemipoptone 

(part  of  which  la  broken  down 
into  leucin  and  tyrosin  in  pan- 
creatic digestion). 

Ktihnes  antialbuminate  (Meissiier's  parapeptone)  is  a  body  that 
mak^  its  appearance  when  dihite  hydrochloric  acid  alone,  or  j)e))8iri  in 
an  imperfectly  active  condition  or  in  insufficient  quantity,  is  used  in  the 
albumen  digestion.  It  can  be  changed  into  peptone  by  the  pancreatic, 
but  not  by  the  gtLstric  juice.  Antialbumid  (hemiprotein,  dys]>eptone) 
is  derived  from  the  antialbumate  bv  the  action  of  dihite  hydrochloric 
acid. 

Dilute  Hyi>r(>ci!loric  A(^ir>  (J  per  cent.)  at  40°. 

Albumen. 


Antialbumate.  Ileniia  bumose. 

.1  .1 

Antialbumid.  Hemij^ept^jne 

(which  is  turther  }>roken  down 
into  leucin  and  tyrosin  by  the 
action  of  dilute  sulphuric  acid, 
H  to  5  per  cent.) 

The  action,  then,  of  the  gjistric  as  well  as  of  the  pancreatic  juice, 
according  to  the  weight  of  evidence,  is  double  and  successive,  the  albu- 
minoid bodies  being  fii-st  converted  into  a  substance  variously  named, 
and  corresponding  to  an  acid  albumen,  albuminose,  or  syntonin,  and 
then  into  peptone. 

HUtohgical  Changes  in  the  Secreting  Cells  as  the  Result  of  their  Activity, 
— This  very  interesting  subject  can  of  course  be  only  very  generally  referred 
to  here.  In  the  mucous  membrane  of  the  stomach  is  a  closely  packed  series 
of  tubular  glands.  These  are  of  two  kinds,  in  one  of  which  there  is  a  con- 
tinuous lining  of  epithelial  cells  around  the  central  lumen,  and  which  may 
accordingly  be  called  central  cells;  and  in  the  other,  in  addition  to  these  central 
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cells,  some  large  ovoid  or,  as  they  have  been  termed,  pej)ttc  cells  are  also  pres- 
ent, peripherally  situated.  It  used  to  be  taught  that  the  former  variety  of 
tubular  glands,  which  are  in  greatest  numbers  towards  the  pylorus,  merely 
secreted  mucus,  or  assisted  in  the  absorption  of  the  digested  prot^ids;  while 
the  latter,  in  which  the  so-called  peptic  cells  are  present,  and  which  are  most 
numerous  in  the  cardiac  end  of  the  stomach,  were  described  as  secreting  the 
gastric  juice,  the  central  cells  near  the  mouths  of  the  tubes  furnishing  the 
acid  and  the  large  peripheral  ovoid  cells  the  pepsin.  It  would  now  ajippear 
that  fill  these  gastric  glamh  secrete  a  pepsigenous  juice,  the  central  cells, 
however,  being  the  pepsin-forftiers  and  the  large  ovoid  peripheral  cells  secret- 
ing the  free  acid  (Heidenuain). 

The  following  is  a  summary  of  some  of  the  chief  changes  that  occur  in 
these  secreting  cells  not  only  in  the  stomach  but  also  in  the  pancreas: — 

(/f)  Stomach. —  7Vt€  central  cells  of  the  gastric  tubular  glands  are  pale  and 
jfinely  granular  in  a  state  of  rest,  and  do  not  stain  readily  in  carmine,  etc. 
When  these  cells  are  large  and  bright  they  contain  much  pepsin  material,  but 
comparatively  little  when  shrunk  and  turbid.  In  a  state  of  actimty  they  are 
swollen,  turbid,  and  coarsely  granular,  and  stain  readily ;  becoming  after  a  time 
smaller,  but  more  turbid  and  gnmuhu"  than  at  first,  and  staining  more  deeply. 

The  ovoid  or  j^eptic  (f)  cells  are  also  swollen  during  digestion,  but  appear 
otherwise  unchanged.  They  are  stained  by  carmine,  and  only  swell  up  in 
hydrochloric  acid  ( 1  per  cent.)  at  40°,  not  being  digested  by  it,  as  is  the  case 
with  the  central  cells.  In  the  pancreas  the  granular  part  of  the  cell  does  not 
stain  readily,  and  the  granules  that  accumulate  in  the  resting  condition  dis- 
appear when  the  cell  is  active ;  on  the  contrary,  in  the  central  cell  of  the  peptic 
glands  the  granules  increase  with  the  increased  activity  of  the  gland,  and  it  is 
then  that  the  deepest  staining  can  ))e  obtained. 

{/j)  Ptnicrcas. — The  secreting  cells  of  the  glandular  acini  have  the  form  <»f 
short  cylinders,  in  which  two  zones  are  generally  to  be  distinguished,  an  inner, 
niixt  the  lumen,  which  has  a  granular,  cloudy  appearance,  and  an  outer,  of  a 
hortiogcniOKs  or  finely  striated  asj)ect,  and  readily  stained  by  carmine,  the  nucleus 
lying  more  or  less  intennediate.  The  size  of  these  two  zones  varies  according 
to  the  condition  of  digestion,  for  after  a  state  of  activity  the  inner  granular  zone 
becomes  narrow  and  snmetinu's  disappears,  appearing  to  furnish  material  for 
the  secretion,  and  being  renewed  at  the  expense  of  the  outer  zone,  which  in 
turn  is  maintained  at  the  expense  ol*  the  blood.  The  amount  of  the  ZNiuogen 
rises  and  Mnks  with  the  gTaniilar  inner  zone  (IIeidenhaix).  In  a  stati*  of 
hunger  this  zone  is  the  more  conspicuous,  the  outer  homogeneous  zone  being 
insignificant.  In  the  ear/i/  stage  of  digestion,  some  hours  after  the  taking  of 
ibod,  the  cells  undergo  a  decrease  in  size,  owing  to  the  consumption  of  the 
granular  zone,  the  homogeneous  zone?,  however,  showing  an  increase.  At  a 
later  stage  the  secretion  sinks,  and  the  granular  zone  becomes  built  up  anew  at 
the  ex])ense  of  the  honjogeueous  outer  zone,  and  this  latter  is  reduced  to  a 
minimum.  After  long  starvation  the  homogeneous  zone  is  the  more  abundant, 
the  inner  zone  being  nnieh  reduced. 

Conditions  Affecting/  the  iJiyestive  Phenomena, — The  action  of  the 
pepsin  on  the  albumen  is  dependent  on  the  temperature  and  on  the 
irroportion  of  pepsin  and  of  free  aeid  present.  The  most  suitable 
temperature  seems  to  be  about  87°,  as  above  50°  the  juice  begins  to 
lose  its  digestive  properties  and  above  00°  becomes  inert;  at  0°  it  also 
loses  its  activity,  but  it  recovers  it  again  on  being  heated.  It  is  prob- 
able that  the  digestion  of  fibrin  begins  quicker  and  continues  more 
rapidly  the  greater  the  proportion  of  pepsin  present.     A  proportion  of 
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0*8  to  1  gram  hydrochloric  acid  per  litre  makes  a  fairly  digestive  fluid; 
but  for  cooked  albumen  a  proportion  of  0-17  per  cent,  acts  most  strongly, 
although  Ebsteix  and  GrCnster  found  0-2  per  cent,  the  most  useful 
strength.  Pepsin  seems  to  act  best  when  the  acid  present  bears  a  defi- 
nite relation  to  the  albumen  molecule  with  which  it  probably  enters 
into  combination.  Accordingly  the  process  of  conversion  uses  up  the 
free  acid,  while  it  does  not  appear  directly  to  involve  any  destruction 
of  the  pepsin.  A  very  small  quantity  of  pepsin  may  therefore  effect 
the  conversion  of  a  very  large  amount  of  albumen. 

In  some  experiments  of  BrCcke's  iqyon  the  rapidity  of  digestion 
in  relation  to  the  amount  of  pepsin  and  acid  present,  he  found  that 
when  a  0*1  per  cent,  hydrochloric  acid  was  used  in  the  digestion  of 
fibrin  the  conversion  went  on  more  rapidly  with  an  increased  proportion 
of  pepsin ;  with  x  pepsin,  for  example,  the  digestion  was  completed  in 
forty-five  minutes,  with  2x  in  twenty  minutes,  with  4^-  in  fifteen  minutes, 
and  with  8^:  in  ten  minutes.  An  increase  in  the  percentage  of  the 
acid,  on  the  other  hand,  rendered  the  digestion  much  slower,  about  one 
hour  being  added  for  every  j^^  per  cent,  of  acid  above  -^  per  cent. 
But  some  definite  relationship  seems  to  exist  between  the  relative  amounts 
of  acid  and  pepsin  in  a  good  digestive  lic^uid,  for  we  find  that  dilute 
pepsin  solutions  act  best  with  dihite  acid  solutions,  while  strong  pepsin 
solutions  require  a  greater  proportion  of  acid.  Fibrin  is  said  to  need 
a  less  degree  of  acidity  for  its  digestion  than  white  of  egg. 

The  quantity  of  water  present  also  affects  the  process,  much  water 
retarding  it.  An  accumulation  of  the  peptonized  albumen  mechani- 
cally hinders  its  continuance;  the  presence  of  bile  also  interferes;  and 
80  likewise  is  the  case  with  acetate  of  lead  and  mercuric  chloride,  ex- 
cept in  very  moderate  quantity,  concentrated  solutions  of  sodic  chloride 
and  of  the  alkalies,  dilute  solutions  of  phenol,  and  alcohol  in  excess — 
they  all  interfere  more  or  less  with  the  digestive  process  in  the  stomach, 
chiefly  by  precipitating  the  pepsin  or  the  peptones,  or  by  causing  a 
copious  alkaline  exudation.  Beer  does  not  appear  to  act  detrimentally 
(Bucheim);  and  spices,  such  as  ginger,  pepper,  and  cinnamon,  appear 
to  encourage  the  secretion  of  the  juice. 

The  properties  of  the  peptones  have  already  been  given  (p.  119), 
also  their  modes  of  preparation  (pp.  119,  150). 

To  purify  them^  neutralize  the  acid  licjuor  containiii*;  them  with  baric  or 
calcic  carbonate;  then  boil,  concentrate  over  a  water  ))atli.  and  filter.  To 
purify  still  further  recourse  may  be  had  to  dialysing  the  solution,  but  the  pro- 
cess is  very  slow ;  inst^iad  we  may  separate  ex(Hiss  of  baryta  by  the  earef ul 
addition  of  sulphuric  acid  and  subsequent  filtration :  or  if  lime  luus  to  b(;  sej)a- 
rated,  first  c(mcentrate  by  evaj)oralion  and  then  precipitate  with  alcohol;  a 
little  lime,  however,  remains  combined  with  the  peptone. 

The  secretion  of  the  gastric  juice  is  essentially  intermittent,  and  is 
excited  by  different  stimuli.  Different  bodies  introduced  into  the  stom- 
ach cause  the  mucous  membrane  to  become  red  and  swell  up,  and  sub- 
sequently to  pour  out  its  secretion ;  the  character  of  the  stimuli  is  said 
to  affect  the  character  of  the  secretion,  that  excited  bv  mechanical  or 
chemical  excitation  being  less  rich  in  digestive  principles  (pepsin,  etc.) 
than  that  secreted  under  the  influence  of  the  food ;  the  degree  of  acidity 
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probably  also  varying  with  the  nature  of  the  physiological  stimulus. 
This  secretion  is  probably  the  result  of  a  direct  irritation  of  a  local 
ganglionic  centre  that  is  in  connection  with  the  central  nervous  system. 
Afferent  impulses  likewise  pass  up  the  vagus,  and  by  inhibiting  the 
vasomotor  centre  in  the  medulla  bring  about  the  dilatation  of  the  ves- 
sels of  the  stomach,  section  of  the  vagi  leading  to  a  temporary  anaemia 
of  the  mucous  membrane  (Rutherford). 

Pepsin  is  possibly  formed  more  or  less  continuously  in  the  glands, 
although  it  is  not  probably  contained  there  in  a  free  state,  but  rather 
as  an  albuminate  combination  that  is  easily  split  up  and  rendered  active 
by  hydrochloric  acid  or  a  chloride.  The  hydrochloric  acid  appears  to 
be  formed  only  as  the  result  of  reflex  or  direct  stimuli;  but  while  in 
the  fundus  free  acid  is  present,  being  secreted  there,  this  does  not  seem 
to  be  the  case  in  the  pyloric  end.  A  mucous  membrane  rich  in  pep- 
sin also  contains  much  sodic  chloride  (0-6  to  1'6  per  cent.)  In  the 
formation  of  free  hydrochloric  acid  a  dissociation  process  probably 
precedes  in  the  chloride,  2Na2HPO,  +  3CaCl  =  Ca32P04  +  4NaCl  + 
2HC1  (Maly).  Thudichum  assumes  that  sodic  chloride  and  lactate  are 
split  up  in  the  walls  of  the  stomach  into  free  acid  and  caustic  soda, 
NaCl-f-H20=NaH0+HCl.  This  caustic  soda  according  to  Thudi- 
chum, assists  in  protecting  the  mucous  membrane  of  the  stomach 
against  the  action  of  the  gastric  juice,  and  becoming  converted  into 
carbonate  enters  the  blood  and  is  carried  to  the  liver;  but  the  continu- 
ous circulation  of  alkaline  blood  through  the  mucous  membrane  of  the 
stomach  is  no  doubt  one  of  the  reasons  why  it  is  not  digested  (Pavy); 
the  question,  notwithstanding,  cannot  yet  be  regarded  as  solved. 

The  pepsin  is  poured  out  abundantly  on  the  taking  of  food,  then 
falls  in  amount  for  the  next  hour  or  two,  and  rises  again  about  the 
fourth  or  fifth  hour  (GkOtzner).  Its  secretion  appears  to  be  favored 
by  the  previous  ingestion  of  dextrin  and  certain  other  pepsigenous 
materials  (Sciiiff). 

Pathology. — Tlie  annnint  of  pci)8in  as  well  as  of  the  whole  juice,  ap]K'ars 
to  be  mueh  reduced  in  fevers  and  acute  aiuvmia ;  in  some  of  these  cases,  as 
well  as  occasionally  in  catarrh  of  the  stomach,  j  epsin  and  hydrochloric  acid 
may  be  both  absent ;  but  viv.  may  find  inst(jad  butyric  or  lactic  acids  in  greater 
or  less  (juantity. 

Sarcina^  bacteria,  and  different  fermentation  products  may  at  times  presc-nt 
themselves;  also  mucus  in  excess,  and  bile,  and  in  hacmateniesis  blood,  which 
last  may  be  vonnted  np  unaltered,  or,  if  it  has  lain  some  time  in  the  stomach, 
in  the  form  of  dark  coffee  «:rounds.  Tlu>  vomit  may  be  alkaline  and  contain 
albumen,  epithelium,  and  mucus,  as  in  cholera;  or  urea,  carbonate  of  ammonia, 
etc..  as  in  urjemia.  etc. 

Digestion  is  interfered  with  ])y  the  ]tresence  of  bile  or  mucus,  much  free 
acid  or  alkali,  much  metallic  salt,  chlorides,  suljihates,  or  nitrates,  anhydrous 
sahs  hinderin*r  iermentati<»n  more  than  hydrous  salts;  the  alkaloids  also,  ex- 
cept <[uinine.  retard  the  process. 

As  to  (jases  in  the  stomdch^  normally  little  or  none  is  present  with  the 
exception  of  the  air  that  has  been  swallowed  with  the  food  (►r  of  a  little  that 
has  diffused  from  the  blood ;  for  the  iiases  rcsultin<r  from  fermentation  will  not 
be  met  with  unless  some  abnormal  condition  is  set  up,  although  it  is  jwssible 
for  some  of  the  <ras  occasionally  found  on  the  stoniach  to  come  up  from  the 
duodenum. 
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Planer  found  gases  having  this  composition : — 

C0,=2()  to  33  per  cent. 
H    =  7  ''  27 
X    =88  ^'  72 
0    =  0-4 


n 


(( 


and  HoFMANN  and  Ewald  : — 

00^=  1-7  to  28  percent. 
H    =20     '■'  82 
CH,=  0-2  '-10       '^ 
0    =  fi     "  11       '^ 
C.Ji^  and  N,  traces. 

Owing  to  the  diminution  in  the  hydrochloric  acid  in  fevers,  and  to  the 
tendency  of  the  mucou.s  membrane  of  the  stomach  to  become  catarrhal,  decom- 
p>sition  processes  arc  favored,  and  the  digestion  greatly  interfered  with.  In 
some  of  these  cases  the  pepsin  does  not  appear  to  be  wanting,  rather  the  acid 
to  set  it  free  and  render  it  active. 


CHAPTER  VIII. 

PANCREATIC  JUICE, 

This  is  a  clear,  odorless,  and  very  alkaline  liquid  (=  0-3  per  cent. 
NajCOg),  having  a  salt  taste  and  a  specific  gravity  of  1008  to  1010 ;  it  is 
ropy  and  viscid  when  first  collected,  but  later  it  becomes  thinner.  It 
decomposes  readily.  When  heated  to  75°  a  slight  coagulum  appeai-s, 
which  likewise  occurs  on  the  addition  of  alcohol,  mineral  acids,  tannic 
acid,  metallic  salts,  magnesic  sulphate,  and  chlorine  water. 

Quantity. — From  researches  on  dogs  the  amount  secreted  in  the 
twenty-four  hours  has  been  estimated  at  150  grams  {5^  oz.)  (Bidder 
and  Schmidt),  or  140-7  grams  (Ludwig  and  Weinmanx);  but  it  is 
more  probable  that  it  amounts  on  an  average  to  10  or  11  oz. 

The  Secretion. — Immediately  after  food  is  taken  its  secretion  begins, 
reaching  its  maximum  two  hours  later;  then  occurs  a  fall,  succeeded 
by  a  secondary  rise  some  five  or  six  hours  afterwards,  and  a  sinking 
again  to  zero  in  sixteen  to  eighteen  hours,  but  rising  again  rapidly 
with  fresh  ingestion  of  food  (Beuxsteix).  The  secretion  appears  to  be 
most  active  five  to  seven  hours  after  a  meal. 

Nausea  or  vomiting  and  section  of  the  vagus  stops  its  secretion 
temporarily ;  and  it  is  increased  by  stimulation  of  the  medulla  oblong- 
ata, or  by  centripetal  stimulation  of  the  vagus. 

Its  Chemical  Constituents  are  water,  albumen,  mucin,  fats,  ferments, 
and  salts,  the  last  consisting  chiefly  of  sodic  and  potassic  chlorides, 
calcic  phosphate,  sodic  carbonate,  and  traces  of  ferric  phosphate. 
Fresh  juice  contains  bodies  similar  to  salivary  corpuscles,  and  only 
traces  of  leucin,  neither  peptones  nor  tyrosin  being  present  (KChxe). 
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After  the  juice  has  stood  some  time  tyrosin,  fats,  and  a  small  amount 
of  soaps  may  also  make  their  appearance,  the  leucin  and  tyrosin  being 
due  probably  to  an  intrinsic  digestion  of  the  albumen  of  the  juice  itself. 
A  comparatively  large  amount  of  soda  is  present,  peculiarly  associated 
Avith  the  albumen,  and  probably  in  the  form  of  carbonate,  to  which  the 
alkaline  reaction  of  the  juice  is  due. 

Analysis  of  Pancreatic  Juice — Dog  (C.  Schmidt). 

Water 9808  90-07 

Solids 1-92  9-93 

Organic  8u1>stances,  as  albumen,  alkali  albumen  .  1*26  9*04 

Inorganic  salts 066  0'89 

Soda  combined  with  albumen,  and  traces  of 

lime  and  magnesia  similarly  combined   .    .  0*33  0*09 

Sodium  chloride 024  O'TS 

Potassium - 008  0*02 

Phosphates  of  lime,  magnesia,  and  soda     .    .  0*01  0'05 

The  normal  pancreatic  juice  contains,  according  to  Bernard,  from  eight 
to  ten  per  cent,  of  solids,  of  which  about  one  per  cent,  consistfi  of  ia(»rganie 
salts  and  the  rest  of  organic  matters:  this  corres)>onds  with  Schmidt's  analy- 
sis of  a  normal  juice  obtained  from  a  recent  fistula.  The  juice  coming  away 
from  a  ])eruiaiient  fistula  soon  alters  in  character,  and  accordingly  is  not  a  cor- 
rect representative  of  the  normal  secretion,  being  much  thinner,  and  containing 
niuch  carbonic  acid,  and  only  about  one  to  two  per  cent,  of  soUds ;  guanine 
(CMLN.O)  has  also  been  found  in  it.  But  Bp:rxstkin  only  obtained  an 
average  ot*  3-.*$  per  cent,  solids  in  an  apparently  perfectly  normal  juice,  of  which 
(>'8  per  cent,  was  inorganic  matter.  The  above  estimates,  it  should  be  said, 
aj»})ly  chiefly  to  the  secretion  in  dogs. 

The  pancreatic  peptones  are  precipitated  by  acids  and  acid  salts, 
except  the  acid  phosphate  of  soda,  and  the  filtered  liquor  is  precipitate<l 
by  tannic  acid  and  acetate  of  lead  (Diakonow),  thus  differing  from 
gastric  peptones. 

FerntentH, — 1.  ^l  diastatic  ferment^  isolated  by  CoilNllElM  and 
WiTTicii,  and  probably  identical  in  many  respects  with  ptyalin ;  it 
rapidly  changes  starches  into  sugars. 

2.  .1  jfcptone-forminf/  ferment,  pancreatln  or  trypsin.  After  long 
fasting  this  ferment  is  absent  (Hertzex). 

o.  A  ferment  which  splits  fats  la/  hi/dration  into  fatty  acids  and 
glycerin.     It  has  not  yet  been  isolated. 

Zynrnjen. — According  to  IIeidexiiain  there  is  no  preformed  free 
ferment  in  the  pancreas,  but  there  is  present  in  the  gland  a  body  he 
names  zymoijen,  which  builds  up  one  or  more  of  these  ferments.  From 
this  zymogen,  naturally  after  each  act  of  stomach  digestion,  and  artifi- 
cially by  treatment  WMth  acids,  the  ferments  are  obtained  for  the  diores- 
tion  of  albumens,  and  probably  also  for  that  of  the  starches  and  fats. 
These  ferments  are  active  in  alkaline  and  neutral  fluids ;  a  temperature 
above  50^,  as  also  the  a(hlition  of  alcohol  in  excess,  destroys  or  hinders 
their  activity,  although  dry  trypsin  may  be  heated  up  to  110°  without 
losing  its  ferment  power.  Pepsin  also  appears  to  act  deleteriously, 
rendering  trypsin  inactive,  but  this  is  not  apparently  the  case  with  the 
zvmoojen. 
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The  varied  action,  then,  of  tlie  pancreatic  secretion  depends  on  the 
presence  of  these  three  ferments.  They  are  collectively  more  soluble 
in  solutions  of  sodic  chloride,  alkaline  sulphates,  and  potassic  chlorate 
than  in  water.  The  albumen  ferment  is  soluble  in  sodic  hyposulphite, 
potassic  arsenite,  and  tartaric  acid;  the  diasfatic  ferment  specially 
soluble  in  potassic  arseniate  and  tartaric  acid ;  and  the  fat  ferment 
in  a  mixture  of  bicarbonate  of  soda  with  one-fourth  its  volume  of 
caustic  soda  solution,  or  in  antiiooniate  of  potash.  By  means  of  these 
solvents  a  separation  may  be  effected  of  the  different  ferments,  dialys- 
ing  at  the  same  time  through  porous  earthenware  under  reduced  pres- 
sure (Paschutix). 

The  zymogen  is  soluble  in  water,  where  it  is  readily  split  up,  after 
exposure  for  some  time  to  the  air,  into  trypsin,  etc.,  but  little  or  none 
of  the  ferments  is  dissolved  out  of  the  gland  substance  by  glycerin, 
unless  the  zymogen  has  been  previously  decomposed  by  the  action  of 
dilute  acids  or  otherwise.  The  decomposition  of  the  watery  solution 
occurs  more  readily  at  an  elevated  temperature  and  under  the  action  of 
acids,  and  it  is  more  or  less  hindered  by  the  presence  of  soda  or  its 
carbonate;  but  the  ferment,  when  once  formed,  is  more  active  in  pres- 
ence of  soda  or  sodic  chloride  than  in  a  simple  watery  solution. 

The  amount  of  zijmogen  in  the  gland  depends  on  the  condition  of 
the  digestion,  being  most  abundant  fourteen  to  twenty-four  hours  after 
food,  although  the  juice  richest  in  the  albumen  ferment  is  generally 
secreted  six  to  nine  hours  after  a  meal ;  and  it  is  probable  that  a  con- 
stant formation  of  zymogen  is  going  on  in  the  secreting  cells,  and  that 
at  intervals,  under  the  influence  of  certain  stimuli,  this  zymogen  is 
converted  into  the  pancreatic  ferments,  which,  as  we  have  seen,  are 
the  products  of  the  secretion  of  the  inner  zone  of  the  secreting  cells  of 
the  pancreas. 

The  separation  of  the  pancreatin  from  the  fresh  gland  can  readily 
be  effected  by  rubbing  up  the  gland  with  1  per  cent,  acetic  acid,  in  the 
proportion  of  1  gram  gland  substance  to  1  c.c.  acetic  acid,  and  then 
digesting  for  several  days  with  glycerin.  A  watery  solution  acts  very 
slowly,  but  the  presence  of  sodic  chloride,  or  better  still  of  soda, 
quickens  its  action.  The  more  ferment  is  present  the  less  soda  is 
necessary;  but  with  a  moderate  amount  of  ferment  a  percentage  of 
0*9  to  1*2  of  soda  is  most  favorable.  With  6  per  cent,  soda  the  action 
is  much  hindered.  It  acts  properly  only  in  neutral  or  weakly  alkaline 
fluids,  and  without  any  previous  swelling  up  of  the  fibrin  or  coagula- 
tion of  the  albumen  immersed  in  it,  such  as  occurs  in  gastric  digestion. 

The  diastatic  ferment^  while  apparently  identical  with  the  ptyalin 
of  saliva,  appears  to  be  more  active  in  its  properties. 

The  fat  ferment  has  not  yet  been  isolated,  but  an  active  extract  can 
be  obtained  by  rubbing  up  some  quite  fresh  pancreas  with  a  mixture  of 
glycerin  (nine  parts)  and  soda  solution  (1  per  cent,  one  part)  together 
with  some  clean  sand,  and  allowing  the  whole  to  digest  for  four  days. 
Acids  destroy  the  action  of  this  ferment. 

As  to  the  activity  of  these  ferments,  it  would  appear  that  their 
action  within  certain  limits  is  in  inverse  proportion,  a  double  quantity 
doing  a  given  amount  of  work  in  half  the  time :  further  that  they  lib- 
erate their  energy  at  a  progressively  retarded  rate  (VV.  Roberts). 
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It  follows  therefore  from  the  above  that  the  digestive  a<:tion9  of  pan- 
creatic juice  may  be  classified  under  these  heads : — 

1.  It  changes  starches  rapidly  into  grape  sugar ^  acting  more  power- 
fully than  saliva;  the  transformation  is  very  rapid  at  35°,  and  the 
presence  of  bile  or  gastric  juice  does  not  retard  its  action.  One  gram 
of  the  juice  of  a  dog,  containing  only  0*014  gram  of  organic  solids, 
converted  4*672  grams  of  starch  into  sugar  and  dextrin  in  half  an 
hour  at  35°  (KrOger).  Not  till  the  second  month  after  birth  is  the 
infant's  pancreatic  juice  able  to  digest  starch,  but  at  the  age  of  a  year 
its  power  in  this  respect  is  equal  to  that  of  the  adult. 

2.  It  dissolves  coagulated  albumens,  acting  best  at  35°  to  40°, 
changing  them  into  peptones,  appearing  to  act  specially  on  muscle  fibre 
and  fibrin ;  but  its  general  action  on  albuminoids  is  nearly  ten  times 
more  energetic  than  that  of  gastric  juice.  Gelatins  are  also  converted 
into  peptones,  and  with  prolonged  digestion  leucin  and  much  glycocin 
may  appear.  By  the  action  of  alkaline  solutions  of  pancreatin  on 
albumens  Daxilewsky  in  some  recent  researches  obtained  several 
intermediate  bodies,  but  the  final  product  was  always  peptone.  An 
albumen  is  first  produced  insoluble  in  water  and  warm  alcohol,  of  weak 
acid  reaction,  and  containing  sulphur  together  with  lime  and  phos- 
phorus. The  bodies  next  formed  are  more  soluble  in  water  and  warm 
alcohol,  more  strongly  acid,  and  free  from  lime  and  phosphorus. 
Finally  come  the  peptones,  which  combine  with  bases  and  acids  and 
yield  no  sulphide  with  alkalies. 

The  undigested  proteids  issuing  from  the  stomach  are  to  be  digested 
entirely  or  in  great  part  by  the  pancreatic  juice,  and  the  presence  of 
bile  favors  rather  than  hinders  the  process;  but  to  what  stage  the 
digestion  is  carried,  an<l  whether  much  of  the  peptones  formed  is 
broken  down  into  leucin  and  tyrosin,  etc.,  is  unknown.  Further  and 
later  decomposition  ))roducts  of  these  peptones  may  appear,  such  as 
aspartic  and  glutamic  acids,  and  even  xanthin  and  hypoxanthin  (Rad- 
ZIE.TKWSKY,  Salomon). 

From  prolonged  dction  of  this  juice  outside  the  body,  but  more 
probably  also  as  a  result  of  decompositions  occurring  (KCiixe),  certain 
other  products  may  show  themselves,  such  as  indol,  skatol,  phenol, 
phenyl-sulphuric,  phenyl-acetic,  and  phenyl-propionic  acids. 

3.  It  contributes  verg  largrlg  to  the  digestion  of  fats,  emulsifying 
and  also  saponifying  them  to  a  slight  extent — the  latter  possibly,  how- 
ever, only  so  far  as  to  facilitate  the  emulsifying  of  neutral  fats.  The 
emulsifying  property  is  not  entirely  due  to  the  alkalinity  of  the  juice 
(Bernard),  but  is  probably  in  great  measure  dependent  on  the  alkali 
albumen  present. 

In  experiments  with  pancreatic  Juice  great  care  should  be  taken 
that  it  is  prepared  from  afresh  and  unaltered  gland ;  otherwise  imper- 
fect results  will  be  obtained.  As  an  example  liow  readily  the  charac- 
ter of  the  secretion  is  altered,  it  is  stated  that  the  removal  of  the 
sj>leen  de])rives  the  ])ancreas  of  peptone-forming  power  (Schiff).  It 
is  very  difficult  also  to  avoid  decomj)Ositions  occurring  in  experimentin 
with  pancreatic  extracts,  bacteria  soon  making  their  appearance  unless 
such  a  body  as  salicylic  acid  is  added. 
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Difference  betiveen  Peptic  and  Tryptic  Digestion. — Pancreatic 
digestion,  it  should  be  noted,  includes  the  action  of  the  three  ferments, 
tryptic  being  applied  solely  to  the  albuminoid  conversions  and  changes. 

1.  Peptic  digestion  only  occurs  in  an  acid  medium ;  in  pancreatic 
the  reaction  is  alkaline,  and  some  alkali  must  be  present  for  it  to  take 
place:  the  acidity  of  the  gastric  juice,  represented  by  0*2  per  cent, 
hydrochloric  acid,  is  in  the  pancreatic  juice  replaced  by  an  alkalinity 
corresponding  nearly  to  1  per  cent,  sodic  carbonate. 

2.  In  tryptic  digestion  a  globulin  body  resembling  alkali  instead  of 
acid  albumen  is  formed  previous  to  the  peptone  stage. 

3.  A  considerable  amount  of  proteid  in  tryptic  digestion  is  broken 
down  beyond  the  peptone  stage  into  leucin  and  tyrosin,  the  antipeptone 
residue,  however,  which  forms  about  half  the  weight,  resisting  this 
decomposition. 

4.  Wliile  fibrin  is  readily  acted  on  by  both  juices,  boiled  albumen 
and  syntonin  are  more  easily  converted  by  the  gastric  than  by  the 
pancreatic  secretion. 

5.  In  the  case  of  fibrin,  with  tryptic  digestion,  no  previous  swelling 
up  occurs,  as  in  gastric  digestion,  and  it  remains  opaque,  appearing  to  be 
corroded  rather  than  dissolved.  Indeed,  in  alkaline  tryptic  digestion 
albuminous  bodies  generally  undergo  no  previous  swelling  up  or  coagu- 
lation, as  is  the  case  with  peptic  digestion. 

6.  Pancreatic  juice  does  not  appear  to  have  any  direct  solvent  action 
on  the  gelatiniferous  elements  of  the  tissues,  unless  these  have  previously 
been  boiled  or  treated  with  acids. 

7.  Trypsin  dissolves  mucin,  which  is  unacted  on  by  pepsin. 

8.  Decomposition  sets  in  readily  during  pancreatic,  but  very  slowly 
during  gastric  digestion. 

9.  In  gastric  digestion  the  rotatory  power  of  the  transformed  matter 
is  but  little  lessened,  remains  unchanged,  or  is  increased,  whilst  in 
pancreatic  digestion  it  is  always  enormously  lowered  (B  ecu  amp). 

Pathology. — In  certain  diseases  of  the  paucrcas,  such  as  chronic  inflam- 
mation, degeneration,  and  cancer,  a  great  excess  of  fatty  matters  appears  in  the 
evacuations. 

Pancreatic  calculi  are  occjisionidly,  but  rarely,  met  with ;  they  arc  like 
salivary  calculi,  and  consist  chiefly  of  phosphate  of  lime  (GO  to  80  per  cent.), 
a  little  carbonate  of  lime  (10  to  20  per  cent.),  and  animal  matter  (T  to  10  per 
cent.) 


CHAPTER  IX. 

INTESTINAL  JUICE. 

This  juice  is  a  clear,  opalescent,  greenish  yellow,  and  stongly  alkaline 
viscid  secretion,  having  a  specific  gravity  of  1011  (Tiiiry),  and  con- 
taining about  2-27  to  2*4  per  cent,  of  solids,  of  which  more  than  one- 
third  consists  of  inorganic  salts,  one-third  albumen,  and  less  than  one- 
third  of  the  other  organic  bodies.  It  eflfervesces  with  acids,  yields  no 
mucin,  and  is  coagulated  by  alkaline  chlorides  and  sulphates  in  excess. 


172  DIGESTION   AND   THE   SECRETIONS    CONCERNED. 

It  appears  only  to  be  periodically  secreted,  and  is  a  mixture  of  the 
secretions  of  Brunner's  glands  and  Lieberkiihn's  crypts.  Comparatively 
little  is  known  as  to  its  exact  composition  and  properties,  some  even 
regarding  the  fluid  obtained  by  Thiry's  process  as  more  or  less  of  a 
transudation. 

Quantity. — From  the  amount  secreted  by  a  small  piece  of  the  in- 
testine of  a  dog,  Thiry  calculated  that  the  whole  small  intestine 
secreted,  from  the  second  to  the  fifth  hour  after  a  meal,  360  grams 
(12J  oz.)  of  intestinal  juice.  Bidder  and  Schmidt's  estimate  was 
300  c.c,  or  10|  oz. 

IX>g  (Tiiiry).         Horse  (Colin). 

Water 97*58  9810 

Solids 2-41  1-80 

Albumens 0*80  \  Q..g 

Other  organic  constituents    .     .  0*73  f 

Inorganic  salts 0'88  — 

Carbonate  of  soda 0*32  1*45 

A  paralytic  secretion  has  been  obtained  which  is  clear,  yellowish, 
strongly  alkaline,  specific  gravity  1008,  poorer  in  solids  than  the  normal 
juice,  and  containing  only  about  a  quarter  as  much  organic,  but  nearly 
the  same  amount  of  inorganic  constituents;  it  also  contains  about 
0-016  per  cent.  urea. 

Actions. — It  is  probable  that  some  of  the  diversity  of  opinion  as  to 
the  action  of  this  juice  is  due  to  a  difference  in  the  character  of  the 
secretion  in  different  animals.  Thus  the  intestinal  juice  of  dogs,  pigs, 
and  rabbits  converts  cane  into  grape  sugar,  but  this  is  not  so  with  the 
juice  of  ruminants,  etc. 

1.  It  probably  contains  a  diastatic  ferment,  soluble  in  sodic  nitrate 
and  potassic  and  sodic  bicarbonate,  capable  of  readily  converting  starch 
into  sugar  (Colin,  Schiff),  althougli  this  is  denied  by  Thiry.  But 
a  ii:lyccTin  extract  of  the  whole  mucous  membrane  of  the  small  intes- 
tine  undoubtedly  contains  a  dijistatic  ferment  capable  of  converting 
starch  into  sugar. 

2.  It  contains  a  ferment  soluble  in  potassic  chlorate,  which  converts 
cane  into  grape  sugar,  transforming  some  of  the  latter  into  lactic  and 
butyric  acids  (Frkkiciis);  but  a  little  of  the  cane  sugar  remains  un- 
changed (HopPE  Skyler). 

'3.  Its  actions  on  fats  is  doubtful,  probably  negative  (Thiry).  It 
may,  however,  exert  a  slight  emulsifying  action  (Schiff). 

4.  It  appears  that  fibrin  is  rapidly  dissolved  by  it  (Thiry,  Kt^uXE), 
and  probably  also  a  little  casein  and  albumen  (Schiff).  The  fibrin 
does  not  swell  up,  but  crumbles  to  })ieces.  Accompanying  this  pep- 
tonization, if  not  the  cause  of  it,  there  seems  to  be  a  certain  amount  of 
decomposition  of  the  proteid. 

5.  Cellulose,  gums,  etc.,  are  not  necessarily  modified. 

Further,  in  the  intestinal  digestion  certain  ferments  play  a  part  by 
producing  diastases  that  superimpose  their  own  digestive  actions  on 
those  set  uj)  by  the  organic  diastases.  Neither  the  diastases  of  the 
ferments  nor  those  of  the  organism  ever  cause  a  disengagement  of  gas, 
and  the  carbonic  anhydride  and  hydrogenated  gases  formed  in  the 
intestine  must  be  attributed  to  the  microbes  living  therein  (Duclaux). 
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As  to  the  secretion  of  Brunners  (/lands  we  know  little,  but  it  is 
stated  that  an  extract  of  the  gland  digests  fibrin  in  an  acid  solution 
(GrCtzner);  Costa  states  that  these  glands  yield  mucin,  and  Rabu- 
TEAU  and  Levex  that  its  reaction  is  acid.  Brunner's  glands  are  related 
structurally  to  the  pyloric  glands  of  the  stomach,  and  as  the  latter  pos- 
sess a  peptogenous  power  (Heidexhain),  possibly  they  are  likewise 
related  in  function. 

The  surface  cells  also  of  the  duodenum  near  the  pylorus  are  said  to 
contain  pepsin. 

Budge  and  Krolow  found  that  a  watery  extract  of  Brunner's 
glands  converted  starch  into  dextrin  and  sugar,  and  fibrin  into  peptone. 

Iodides,  bromides,  sulphocyanides,  and  lithia  salts  absorbed  in  the 
stomach  appear  again  in  the  small  intestine  (Quincke). 

The  secretion  obtained  from  the  large  intestine  is  mucous,  viscid, 
alkaline,  and  contains  very  little  albumen ;  it  is  said  to  possess  the 
power  of  converting  starch  into  sugar,  but  it  apparently  exercises  no 
solvent  action  on  albumens  or  fats. 
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TUE  BILE. 

Physical  Properties. — When  the  bile  flows  from  the  liver  it  Ls  clear 
and  syrupy,  of  a  golden  brownish  yellow  color  (greenish  in  herbivora), 
having  a  sweetish  bitter  taste,  a  specific  gravity  of  1009  to  1020,  and 
a  neutral  or  weakly  alkaline  reaction  (but  slightly  acid  in  the  carnivora). 
After  having  lain  some  time  in  the  gall  bladder  the  bile  becomes  con- 
centrated, has  a  sour  smell,  is  darker  in  color,  charged  with  mucus,  and 
may  contain  particles  of  fat  and  calcic  phosphate. 

Absorption  Spectrum. — Perfectly  fresh  normal  bile  gives  no  absorp- 
tion bands,  although  ox  gall,  even  when  fresh,  is  said  to  give  a  band 
between  D  and  e;  but  when  the  bile  has  altered,  as  by  standing  for 
some  time,  or  when  an  alcoholic  extract  is  used,  it  becomes  dichroic, 
green  in  thin  and  red  in  thick  layers,  also  altering  in  color  through 
green  and  blue  to  a  reddish  tint,  and  shows  four  absorption  bands — 
one  in  front  of  c,  one  on  each  side  of  D,  and  one  before  e,  only  the 
middle  two  being  dark  and  sharply  defined. 

Amount — Very  various  estimates  have  been  given,  but  the  average 
may  be  taken  as  1,000  to  1,700  grams  (2-2  to  3*7  lbs.)  in  the  twenty- 
four  hours.  Nasse  estimated  it  at  4o  to  47  oz.  for  a  man  of  142  lbs. 
weight,  Raxkb  at  23  oz.  for  a  man  of  104  lbs.,  and  Witticii  obtained 
nearly  the  same  result  in  a  woman  with  a  biliary  fistula,  the  bile  of  the 
twenty-four  hours  containing  about  ^  oz.  of  solids  and  averaging  about 
2*2  per  cent,  of  the  body  weight. 

Secretion. — The  liver  receives  a  large  amount  of  blood,  which  is 
especially  abundant  during  digestion,  although  it  is  comparatively  poor 
in  oxygen,  yet  rich  in  materials  absorbed  from  the  alimentary  canal. 
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The  secretion  of  bile  is  continuous,  but  it  becomes  more  active  two 
hours  or  so  after  a  meal,  and  this  activity  continues  to  increase  for  the 
following  five  to  seven  hours,  but  then  diminishes  rapidly.  According 
to  Bernard  the  maximum  period  is  seven  hours  after,  but  authorities 
diflfer.  The  pressure  under  which  it  is  secreted  is  very  low,  and  accord- 
ingly its  flow  is  easily  obstructed.  But  although  secreted  continuously 
with  varying  rapidity  it  is  only  discharged  into  the  intestine  at  inter- 
vals as  required,  an  accumulation  occurring  in  the  gall  bladder. 

The  passage  of  the  acid  chyme  from  the  stomach  over  the  orifice  of 
the  bile  duct  acts  as  a  reflex  stimulus  to  the  contraction  of  the  gall 
bladder,  and  to  a  consequent  outpouring  of  the  bile.     . 

Chemical  Composition. — The  three  important  constituents  of  the  bile 
are  the  biliaiy  acids,  the  biliary  pigments,  and  the  cholesterin,  but  the 
two  former  are  the  most  characteristic.  In  addition  we  find  lecithin, 
cholin,  fats,  soaps,  a  diastatic  ferment  in  small  amount,  and  different 

salts. 

Human  Bile  (Fbebichs,  Gobup  Besanez,  etc.) 

Per  cent. 

Water R6to90 

Solids 14      "10 

Biliarj'  acids  and  salts 5*6  "  10 

Fats 0*3  "    1-7 

Cholesterin 0*4  "     10 

Mucus  and  Pigments 1*4  "    2*9 

Mineml  salts 0*6  "    1*0 

Solids  in  Human  Bile. — The  amount  of  solids  in  the  bile  obtained 
from  dead  bodies  is  much  greater  than  that  contained  in  bile  flowing 
away  from  a  fistula;  in  the  latter  the  solids  form  only  1*2  to  2-3  per 
cent.,  while  in  the  former  tliey  are  as  high  as  10  to  14  per  cent.  It  is 
very  probable,  however,  that  this  is  nearer  the  normal  condition  than  is 
the  case  with  the  fluid  discharged  by  an  open  fistula. 

In  post-mortem  bile  Hoppe  Seyler  obtained — 

Per  cent. 

Glycocholate  of  soda 303 

Taurocholate       "         O'S? 

(containing  sulphur 0*06) 

Soaps 1-39 

Mucin 129 

Lecithin 0*53 

Cholesterin 0*35 

Otlier  organic  substances  insoluble  in  alcohol    .    .  0*14 

Iron,  probably  as  phosphate 0*006 

In  100  parts  dry  solids  of  bile  obtained  from  a  fistula^  having  a  speci&c^ 
gravity  of  1010  and  2-24  to  2-28  per  cent,  of  solids,  Jacobsen  got — 

Glycocholate  of  soda 44*8 

Sodic  chloride 24*5 

Palmitate  and  stearate  of  soda 6*4 

Phosphate  of  soda 6*9 

Cari)onate      "          4*2 

Cholesterin 2'5 

Phosphate  of  lime 1*6 

Potassic  chloride     ...                                 ...  1*2 

Lecithin 0*2 

Fats 04 

Residue  insoluble  in  alcohol  and  ether     ....  8*1 
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In  this  analysis  Jagobsen  found  no  sulphur,  but  in  several  other  analyses 
be  obtained  a  large  percentage  of  this  body,  pointing  to  the  presence  of  much 
taurocholate  of  soda  (so  also  Bischoff).  A  variation  in  the  relative  propor- 
tions of  these  two  biliary  acids  is  possibly  produced  by  the  character  of  the 
food.  Indeed,  Jacobsen  has  not  found  the  composition  of  human  bile  to  be 
very  constant,  the  biliary  acids  varying  from  3'9  to  10*8  per  cent.,  and  the 
specific  gravity,  which  generally  averages  1017,  may  be  as  low  as  1010. 

The  percentage  of  sulphur  in  bile  varies  between  1*88  and  3*41,  and  of 
nitrogen  between  7 '23  and  10*66  (Spiro). 

In  fuller  detail  the  chief  constituents  may  be  said  to  be — 

1.  Resinous  acids,  the  so-called  biliary  acids,  which  exist  in  the  bile  as 
soluble  alkaline  salts ;  for  example,  glycocholat^  of  soda,  Cj^II^^NaNOg.  Of 
the  two  biliary  acids  most  modern  analyses  indicate  the  glycochoiic  as  prepon- 
derating in  human  bile.  The  mean  of  six  analyses  gave  a  percentage  of  6*47 
biliary  acids,  of  which  the  taurocholic  formed  1*56  per  cent.,  containing  0*09 
per  cent,  of  sulphur  (Jacobsen). 

2.  Pigments — ^bilirubin,  biliverdin,  and  sometimes  bilifuscin. 

3.  Mucin, 

4.  Cholesterin.  This  is  maintained  in  solution  by  the  taurocholate  of  soda. 
It  is  stated  to  form  1*6  per  cent,  in  human  bile  (Flint),  an<l  is  probably  one 
of  the  decomposition  products  of  nerve  substance. 

5.  Ijecitkin]  probably  cholin  or  neurin,  an  alkaline  basic  derivative  of  the 
lecithin ;  a  small  quantity  of  urea,  and  of  fats  existing  chiefly  as  alkaline  soaps. 

6.  The  mineral  constituents  are  formed  chiefly  by  sodic  chloride,  which 
with  soda  salts  constitutes  over  three-fourths  of  the  ash  of  bile ;  there  are  also 
alkaline  salts  of  the  fatty  acids,  and  phosphates  of  lime,  magnesia,  and  iron. 

7.  Gases.  The  bile  contains  a  large  amount  of  gases,  partly  dissolved  in 
and  partly  combined  with  it.  In  the  rabbit  the  freshly  secreted  bile  contains 
an  average  of  109  per  cent,  carbonic  acid,  and  in  the  dog  about  57  per  cent.; 
only  traces  of  oxygen  and  nitrogen  arc  present  (J.  J.  Charles). 

In  some  animals  a  diastatic  ferment  has  been  obtained  from  the  bile.  In 
adult  men  the  bile  is  poorer  in  water  and  fats,  and  richer  in  biliary  acids, 
pigments,  mucus,  and  mineral  salts  than  in  women  and  children ;  no  proteids 
are  present  under  normal  conditions. 

In  ox  bile  taurocholate  and  glycocholate  of  soda  are  present,  in  sheep's 
bile  the  taurocholate  preponderates,  and  this  is  the  only  acid  present  in  dog's 
bile,  while  in  the  bile  of  pigs  we  find  hyoglycocholate  and  hyotaurocholate  of 
soda  (C,,H„N05  and  C,,H,5NS0J. 

Effect  of  Food,  etc. — Abstinence  lessens  the  amount  of  bile  formed ; 
with  a  fatty  diet  little  bile  is  secreted,  but  more  with  a  diet  of  bread 
and  rice ;  a  rich  nitrogenous  diet  increases  the  amount  as  well  as  the 
solid  constituents,  but  a  good  mixed  diet  (as  bread  and  meat)  seems  to 
be  the  most  effective  (Wolfe). 

The  composition  of  the  bile,  besides  being  affected  by  the  character 
of  the  food,  is  also  influenced  by  the  period  of  its  secretion,  the  acids 
appearing  to  be  increased  during  digestion,  then  diminished  in  amount, 
and  increased  again  after  several  hours  (Hoppe  Seyler). 

Watery  solutions  of  the  biliary  acids  injected  into  the  blood  in- 
cx-case  the  biliary  acids  in  the  bile  (Huppert);  the  same  effect  is  like- 
wise produced  by  injecting  bile  into  the  small  intestine  (Schiff).     An 
inox^ease  of  the  pigments  occurs  after  the  injection  of  oxy haemoglobin 
or  bilirubin  solutions  into  the  blood  (Tarchanoff). 
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Action  of  the  Human  Bile. — 1.  Emulsifies  fats  to  a  slight  degree; 
also  dissolves  them  slightly^  particularly  the  three  fatty  acids,  both 
saponifying  and  emulsifying,  especially  in  presence  of  pancreatic  juice. 

2.  Aids  in  the  absorption  of  fats ^  as  membranes  moistened  with  bile 
admit  the  passage  of  fats  more  readily.  In  chyle,  for  instance,  which 
normally  contains  3*2  per  cent,  of  fats,  the  proportion  is  reduced  to 
0-2  per  cent,  when  the  flow  of  bile  into  the  intestine  is  stopped. 

3.  Checks  putrid  fermeyitations  and  acts  as  a  natural  stimulant  to 
the  intestinal  mucous  membrane.  The  biliary  acids  are  powerful 
antiseptics,  especially  the  taurocholic  (Maly,  Emich). 

4.  The  bile  precipitates  all  the  pepsin  in  the  chyme  entering  the 
small  intestine,  and  if  the  chyme  is  neutralized  or  rendered  even  slightly 
alkaline  peptones  or  syntonins  will  also  be  precipitated.  The  pepsin, 
which  would  interfere  with  the  action  of  the  trypsin,  is  thus  disposed 
of.  The  partially  digested  food  passing  from  the  stomach  is  accordingly 
well  prepared  for  the  action  of  the  pancreatic  and  intestinal  juices,  the 
presence  of  bile,  so  detrimental  to  gastric  digestion,  rather  favoring  the 
action  of  these  juices. 

In  some  animals  bile  converts  starch  into  sugar. 

Rdle  of  the  Bile  in  the  Economy, — In  addition  to  assisting  in  the 
digestion  of  the  fats  the  bile  also  serves  to  excrete  diflFerent  decomposition 
products  from  the  system.  The  greater  part  of  the  biliary  acids  is 
reabsorbed  and  further  oxidized,  the  intermediate  products  between  them 
and  carbonic  anhydride  and  water  being  unknown ;  the  remaining  por- 
tion is  decomposed  and  excreted.  Excreta  and  vomited  matters  some- 
times, but  particulary  in  disejised  conditions,  may  contain  traces  of  the 
biliary  acids,  but  their  decomposition  products  (as  cholic  and  choloidic 
acids  and  dyslysin)  are  more  likely  to  be  found  than  themselves.  The 
pigments  are  reabsorbed  in  part,  and  in  part  also,  together  with  the 
cholesterin,  excreted  in  the  fieces. 

]5ut  it  is  very  probable  that  several  of  the  ingredients  of  the  bile 
are  repeatedly  absorbed  and  ro-excrcted  during  the  process  of  digestion. 

Source  and  Production  of  the  Biliary  Constituents. —  The  biliary  acids 
are  not  met  with  in  the  blood,  although  glycociii  and  taurin,  albumen  deriva- 
tives, are  possible  constituents  of  parts  of  the  organism;  these  acids  (or  at 
lejist  cholic  acid)  are  secreted  by  the  hepatic  cells,  at  the  expense  probably  of 
an  albuminoid,  the  nitrogen  radicle  being  derived  therefrom,  while  the  cholic 
acid  radicle  may  be  derived  from  the  fats,  the  combination  of  the  two  being 
effected  in  the  liver.  Among  the  decomposition  products  of  cholic  acid  lauric 
and  stearic  acids  have  been  obtained  (  Tappeiner). 

Some  of  the  luemoglobin  as  well  as  of  the  fibrin  disappear  from  the  blood 
in  its  piLssage  through  the  liver,  and  the  bilirubin  is  possibly  indirectly  derived 
from  the  former. 

ILcmatoidin,  C.;„H^NjO,. ; 
Hicmatin,  C.,.^n,^^FeN^Of/, 
Bilirubin,  C:,,[I,„N.tV    " 

Its  source  is  regarded  as  the  haemoglobin  of  the  blood  that  is  broken  down  -^'j 
in  its  passage  through  the  liver.  The  injection  into  the  blood  of  solutiona^a:  j 
of  bodias  capable  of  dissolving  the  colored  corpuscles,  and  thus  setting  free  th^^^^ 
hemoglobin,  has  been  found  to  cause  bile  pigments  to  appear  in  the  urine 
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Tarchanoff  obtained  an  increased  discharge  of  the  bile  pigment  by  injecting 
bilimbin  or  oxyhaemoglobin  into  the  veins  of  a  dog.  But  the  spectra  of 
haematoidin  and  bilirubin  are  quite  distinct  (Preter).  We  cannot  do  more, 
therefore,  with  our  present  knowledge,  than  regard  the  above  hypothesis  as  to 
the  origin  of  bilirubin  as  probable. 

Much  of  the  cholesterin,  if  not  all,  is  possibly  merely  excreted  by  the  liver; 
it  is  most  likely  a  nerve  derivative,  and  in  some  conditions  of  nerve  irritation  it 
is  said  to  be  greatly  increased  (Flint).  The  mucin  comes  from  the  epithelium 
of  the  biliary  passages  and  not  from  the  hepatic  cells. 

Tests  and  Reactions. —  To  obtain  bile  for  ancdysis,  dilute  some  of  the 
fresh  secretion  with  water,  and  treat  the  mixture  with  spirit  or  dilute  acetic 
acid ;  shake  well  and  filter.  The  filtrate  will  serve  for  the  general  tests ;  but  to 
obtain  purified  bile  for  analytical  purposes  mix  the  bile  with  5  times  its  volume 
of  absolute  alcohol ,  filter  after  some  time,  and  evaporate  the  filtrate  to  dryness. 
The  residue  dissolved  in  water  gives  the  reactions  well.  The  tests  for  bile 
depend  on  the  identification  of  two  of  its  constituents,  the  biliary  acids  and  the 
pigments. 

The  presence  of  biliary  acids  is  generally  ascertained  by  the  red  or  purple 
coloration  given  with  sulphuric  acid  and  sugar — Pettenkofer's  test^  which 
has  been  variously  modified — while  the  pigments  are  generally  detected  by  the 
play  of  colors  given  with  kn  oxidizing  reagent  like  nitric  acid.  The  Petten- 
KOFEr's  test  as  applied  to  urinary  products  is  somewhat  deceptive,  as  the 
urochrome,  etc.,  yield  red  and  purple  colorations  with  sulphuric  acid;  but 
doubt  can  be  set  at  rest  by  the  use  of  the  spectroscope,  bile  giving  a  broad  dark 
hand  overlying  D,  two  or  three  other  bands  occasionally  being  seen.  A  great 
many  organic  bodies  besides  the  biliary  acids  give  purple  colorations  with 
sulphuric  acid  alone,  or  with  sulphuric  acid  and  sugar;  but  such  bodies  are 
rarely  met  with  in  bile  or  biliary  urine. 

1.  Pettenkofers  Reaction  for  the  Biliart/  Acids — (a)  Add  to 
some  bile  in  a  test  tube,  or  to  a  fluid  containing  it,  a  little  sugar,  then 
an  e<(ual  volume  of  strong  sulphuric  acid,  which  is  to  be  allowed  to 
trickle  down  the  side  of  the  inclined  tube:  a  stronirlv  colored  laver 
fonus  immediately  above  the  level  of  the  acid,  which  takes  a  purple  tint 
on  slight  agitation.  This  purple  layer  gives  two  absorption  bands,  one 
near  E  and  the  other  beside  F,  when  examined  spectroscopically 
(Sciiexk);  but  it  ha.s  also  been  given  an  a  band  outside  l>  and  a  broad 
band  at  E  (MacMinn);  ami  according  to  Heyxsits  and  Campbell  in 
the  Ciuse  of  so<lium  taurocholate  there  are  three  bands,  one  between  c  and 
l>,  a  second  between  i)  and  E,  and  a  third  near  F.  These  bands  are  not 
^iven  by  the  purple-colored  fluid  obtained  in  the  same  way  with  albu- 
mens, etc.;  further,  the  red  fluid  obtaineil  in  Pettexkofek's  reaction 
is  didiroic,  while  that  got  with  albumen,  etc.,  is  not  so. 

(6)  Dip  a  piece  of  filter  paper  in  the  diluted  bile  after  having  added 
to  it  a  little  cane  sugar;  dry  the  paper,  and  place  a  drop  of  sulphuric 
aoid  upon  it:  a  violet  red  color  will  a])pear  in  a  few  seconds(RosEXHArH 
and  8TRAssBrK<i). 

(f)  Place  a  little  bile,  and  about  two-thirds  its  volume  of  sulphuric 
acid,  and  one  to  two  drops  of  a  solution  of  cane  sugar  (10  per  cent.)  in 
a  dish  over  a  water  bath;  heat  up  to  70°,  and  a  purple  violet  colomtion 
'Will  be  obtained.  The  presence  of  nitnites  or  chlorates  interferes  with 
tlie  reaction. 
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(d)  I  have  employed  the  following  modification  of  Pettknkofer's 
test  for  some  years  past,  and  have  found  it  work  delicately  and  satis- 
factorily. As  it  depends  on  the  coloration  of  the  froth  obtained  by 
shaking  the  fluid  containing  the  bile,  it  is  often  advisable,  so  as  to  obtain 
as  permanent  a  froth  as  possible,  to  mix  the  biliary  fluid  with  a  little 
mucilage  of  gum  arabic  before  adding  the  syrup,  though  if  much  bile  is 
present  this  is  not  necesssiry.  The  test  tube  must  next  be  vigorously 
shaken  for  a  short  time,  and  when  a  deep  layer  of  froth  has  formed  a 
few  drops  of  strong  sulphuric  acid  arc  allowed  to  trickle  down  into  it, 
when  a  beautiful  violet  or  purple  coloration  will  make  its  appearance, 
either  at  once  or  after  the  side  of  the  tube  has  been  very  gently  warmed. 

2.  Gmeltn's  Test  for  the  Biliary  Pigments, — Nitric  acid  added 
to  bile  gives  a  precipitate  which  disappears  on  the  addition  of  fresh 
acid,  a  play  of  colors  being  produced — green,  blue,  violet,  red,  and 
finally  yellow.  This  test  may  be  applied  in  various  ways.  A  very 
good  plan  is  to  spread  a  drop  of  the  diluted  bile  on  a  white  porcelain 
dish,  and  then  allow  a  drop  of  yellow  nitric  acid  to  flow  into  it,  when 
the  rings  of  color  will  appear  at  the  point  of  contact. 

3.  Absorption  Spectrum  of  Bile, — Hepatic  bile  is  clear,  but  after 
having  lain  in  the  gall  bladder  it  becomes  darker  colored,  denser,  ropy, 
and  charged  with  much  mucus.  When  fresh  it  gives  an  absorption 
band  between  i)  and  K,  but  nearer  d.  After  some  time  the  bile  alters, 
becoming  dichroic  and  presenting  four  absorption  bands. 

Examine  also  a  filtered  dilute  hydrochloric  acid  extract  of  dog's 
bile  with  the  spectroscope,  and  a  narrow  band  will  be  found  between  b 
and  F. 

Before  applying  any  of  these  tests  to  fluids  containing  bile,  it  is 
often  advanta^reous  to  separate  the  biliary  acids  and  pigments,  which  is 
particularly  necessary  when  the  amount  of  bile  present  is  very  slight. 

4.  Separation  of  some  of  the  Biliary  Canstituents, — Dilute  some 
bile  with  water  and  add  alcohol:  a  precipitate  of  mucus  occurs:  filter, 
and  to  a  little  of  the  filtrate  add  hydrochloric  acid,  when  glycocholic 
acid  will  be  thrown  down  in  flakes;  to  the  rest  of  the  filtrate  add 
acetate  of  lead  solution:  glycocholate  of  lead  will  be  precipitated,  and 
from  the  filtrate  taurocholate  will  be  obtained  by  the  addition  of  sub- 
ucetate  of  lead. 

5.  To  Annli/ze  the  Bile  (Gorup  Besanez). — (a)  Weigh  20  grams  in  a 
tared  capsule,  and,  havinji;  cvaponited  to  dryness,  heat  the  residue  for  some 
time  to  110°;  wei^h  on  cooling. 

(6)  Exhaust  the  dry  mass  with  absolute  alcohol,  and  collect  the  insoluble 
residue,  which  consists  of  mucin,  a  little  pigment^  and  insoluble  salts]  dry  and 
weigh  as  before;  then  incinerate  in  a  platinum  capsule:  the  «a&«  remain  be- 
hind. 

(c)  The  alcoholic  extract  is  evaporated  to  a  small  volume,  excess  of  ether 
added,  and  the  mixture  laid  aside  for  several  days;  decant  the  ether  carefully, 
and  wash  repeatedly  with  fresh  ether.     The  precipitate  consists  of  the  salts  of 
the  biliary  acids.     DLssolve  in  a  little  alcohol,  evaporate  in  a  porcelain  capsule, 
and  having  dried  the  residue  weigh. 

(cl)  The  ethereal  extract  is  to  be  distilled,  the  residue  well  dried  over 
sulphuric  acid  in  vacuo,  and  weighed ;  it  consists  of  cholcsf(Tin,  faf^  and  lecithin. 
To  separate  the  fat  and  lecithin  from  the  cholcsterin  boil  gently  with  caostio 
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potash,  which  saponifies  the  fat  and  lecithin;  shake  well  with  a  little  water, 
and  then  with  ether  to  dissolve  up  the  cholesterin ;  the  ethereal  extract  is  to 
be  evaporated,  and  the  residue,  when  washed  with  a  little  water,  dried  at  100°, 
and  weighed,  gives  the  cholesterin. 

6.  To  Detect  Bile  in  Vomited  Matters. — The  bile,  if  present,  generally 
imparts  a  green  color  and  a  bitter  taste  to  the  fluid ;  much  mucus  also  is  usually 
present.  Shake  up  the  vomit  with  water  and  filter  through  a  linen  cloth; 
precipitate  the  filtrate  with  plumbic  acetate,  and  wash  the  precipitate  on  a  filter; 
then  digest  it  with  sodic  carbonate  to  remove  the  pigment,  and  evaporate  to 
dryness ;  treat  the  residue  with  alcohol,  filter,  and  evaporate  the  filtrate.  The 
residue  dissolved  in  a  little  water  is  then  tested  for  biliary  acids. 

Pathology. — 1.  The  total  amount  is  probably  diminished  in  the 
beginning  of  fevers.  2,  The  solids  are  increased  especially  ill  severe 
abdominal  affections,  in  certain  disea.ses  of  the  heart  where  the  hepatic 
circulation  is  embarrassed,  in  cholera,  and  in  retention  of  bile;  but  they 
are  diminished  in  pneumonia,  tubercle,  dropsy,  and  diabetes. 

3.  The  biliary  acids  and  pigments  are  much  diminished  in  typhoid 
fever,  and  the  bile  in  this  disease,  a»s  well  as  in  typhus,  may  become 
acid.  The  pigments  may  be  wanting  in  fatty  degeneration  of  the  liver, 
and  the  biliary  acids  may  disappear  in  some  cases  of  amyloid  degenera- 
tion. The  pigments  are  increased,  often  more  than  doubled,  in  jaun- 
dice. Bile  has  a  solvent  action  on  the  colored  corpuscles  of  the  blood, 
and  it  is  possible  that  in  cjuses  of  jaundice  this  solution  may  occur.  4. 
X/ettdny  tyrosin^  and  much  fat  may  be  present  in  typhus  and  typhoid 
fever.  5.  Crystallized  fat  or  balls  of  fat  may  be  met  with  in  tuberculosis. 
♦j.  Sugar  and  glycogen  may  appear  in  diabetes,  as  well  as  after  injection 
of  sugjir  into  the  veins;  both  arc  diminished  in  fever.  7.  Albumen  is 
occasionally  present  in  fatty  degeneration  of  the  liver,  in  Bright's  disease, 
and  after  the  injection  of  much  water  into  the  veins.  S.  Urea  may 
appear  in  the  bile  in  Bright's  disease,  cholera,  etc. 

In  certain  chronic  affections  the  flow  of  bile  is  hindered,  and  it 
becomes  concentrated,  frequently  leading  to  a  deposit  of  cholesterin 
crystals,  crystallized  fat  being  frequently  formed  under  similar  cir- 
cumstances. The  same  has  also  been  noticed  in  chronic  nephritis  and 
hydrothorax. 

The  amount  of  bile,  but  chiefly  its  water,  is  increased  by  the  in- 
gestion of  such  bodies  as  calomel,  podophyllin,  aloes,  rhubarb,  scammony, 
taraxacum,  and  different  laxatives  (Scott,  Rutherford,  ROiirig). 

Bile  acids,  when  injected,  tend  to  destroy  the  blood  corpuscles,  as 
well  as  to  produce  parenchymatous  degeneration  .of  the  glands  and 
muscles;  and,  by  acting  on  the  cardiac  ganglia,  cause  a  slowing  of  the 
pulse  (Legg,  Steiner);  a  spasm  of  the  respiratory  muscles  is  likewise 
said  to  be  produced,  and  the  urine  becomes  darker  in  tint. 

Biliary  calculi  are  rounded,  ellipsoidal,  or  polyhedric,  generally 
smooth,  but  sometimes  covered  with  small  mulberry-like  projections, 
and  either  crystalline  or  amorphous  in  structure;  they  are  of  all  sizes 
up  to  that  of  a  nut,  though  occasionally  much  larger;  their  number  also 
varies,  as  many  as  7,000  having  once  been  found  in  a  gall  bladder 
(Otto).  These  calculi  are  formed  by  the  deposition  in  the  insoluble 
state  of  certain  of  the  constituents  of  the  bile  around  flocculi  of  mucus 
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or  epithelium.  The  most  frequent  are  cholesterin,  bilirubin,  biliverdiu, 
and  carbonate  of  lime.  The  dark-colored  calculi  are  richest  in  bili- 
rubin, while  the  pale  and  often  crystalline  calculi  are  chiefly  choles- 
terin. Most  commonly  these  different  bodies  are  present- in  varying 
proportions  in  the  same  calculus;  thus  in  man  they  consist  most 
frequently  of  cholesterin  (generally  over  95  per  cent.)  mixed  with 
varying  amounts  of  pigments  and  lime  salts.  Calculi  of  carbonate  and 
phosphate  of  lime  are  the  least  frequent.  Most  biliary  calculi  contain 
traces  of  fat,  biliary  acids,  mucus,  and  epithelium  in  addition  to  their 
chief  components.  Calculi  of  the  ox  usually  contain  very  little  choles- 
terin, about  a  half  or  a  third  of  their  mass  consisting  of  bilirubin 
combined  with  lime. 


CHAPTER  XI. 

THE  BILIARY  ACIDS, 

The  bile  of  most  animals  contains  alkaline  salts  of  taurocholic  and 
glycocholic  acids.  Both  bodies  are  characterized  by  the  readiness  with 
which  they  can  be  split  up  by  their  hydration  under  the  influence  of 
prolonged  boiling  with  alkalies  or  mineral  acids. 

glycocholic  acid.  cholic  or  cholalic  acid.  glycociD. 

CaiH„NSOj+II,0     =     <\JijOi     +     C,HjNSO, 

taurocholic  acid.  taurin. 

The  prolonged  action  of  these  reagents  may  cause  the  cholic  acid  to 
be  broken  down  still  further  and  furnish  a  resinous  product,  dyslysin 
(C24H3J.03),  insoluble  in  water  and  alcohol,  but  readily  soluble  in  ether; 
indeed,  cholic  acid  under  the  influence  of  heat  alone,  or  of  heat  and 
hydrochloric  acid,  may  be  thus  decomposed. 

In  human  bile  a  body  called  anthropoglycocholic  acid  (CigHjgO^) 
has  been  described  (H.  Bayer). 

Possibly  much  of  the  biliary  acids  secreted  in  the  bile,  particularly 
the  glycocholic,  is  al)Sorbed  again  and  re-excreted,  the  absorption  occur- 
ring chiefly  in  the  jejunuui  and  ileum,  for  Schiff  found  that  the  estab- 
lishment of  a  biliary  fistula  in  a  dog  quickly  lowered  the  total  amount 
formed,  but  that  this  was  as  quickly  raised  if  the  bile  was  re-injected 
into  the  small  intestine.  Tappkinkks  experiments  also  prove  the 
same  thing. 

In  human  bile  glycocholic  acid  is  much  in  excess  of  the  taurocholic 

(SOCOLOFF,  TUIFANOWSKI,  Ja(T)BSKX). 

Preparation. — Different  methods  have  been  given,  of  which  a  few  have 
been  selected  which  the  author  has  found  effective. 

1 .  Evaporate  ox  bile  to  a  thick  syrup,  stirring  it  frequently  with  a  glass 
rod,  digest  this  with  cold  absolute  alcohol,  which  leaves  the  pigments,  part  of 
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the  mineral  salts,  and  the  mucus  undissolved ;  then  filter  the  alcoholic  extract 
through  animal  charcoal,  or  shake  it  well  and  boil  it  with  the  charcoal,  and 
filter.  This  alcoholic  extract  may  also  be  made  by  rubbing  up  the  bile  with 
sufficient  animal  charcoal  to  form  a  paste,  which  is  to  be  well  dried  over  a 
water  bath,  reduced  to  a  powder,  and  then  extracted  with  absolute  alcohol. 

The  alcoholic  extract  having  been  made,  the  alcohol  is  to  be  distilled  off, 
the  dry  residue  dissolved  up  in  a  little  absolute  alcohol,  and  the  solution  treated 
with  ether  until  it  becomes  markedly  turbid.  A  whitish  mass  is  deposited  in  a 
few  hours  or  days,  which  gradually  assumes  more  or  less  of  a  crystalline  appear- 
ance. This  is  Plattner's  crystallized  hile,  and  consists  of  a  mixture  of 
jrlycocholate  and  taurocholate  of  soda.  By  dissolving  this  in  a  small  volume  of 
water,  adding  a  little  ether  and  then  dilute  sulphuric  acid,  and  stirring  well, 
glycocholic  acid  crystallizes  out  in  shining  needles,  the  taurocholic  acid  remain- 
ing in  solution ;  the  crystals  may  be  collected  on  a  filter,  washed  with  water, 
redissolved  in  very  dilute  spirit,  and  precipitated  with  excess  of  ether. 

Or  to  a  solution  of  Plattner's  crystals  add  neutral  and  then  a  little  basic 
lead  acetate,  when  glycocholate  of  lead  will  be  thrown  down ;  collect  on  a  filter, 
wash,  dissolve  in  hot  alcohol,  and  remove  the  lead  by  passing  a  current  of 
sulphuretted  hydrogen  through  it;  filter,  and  by  the  careful  addition  of  water 
to  the  alcoholic  filtrate  crystals  will  be  deposited.  To  the  previous  filtrate 
from  the  glycocholate  of  lead  add  acetate  of  lead  and  ammonia,  collect  the 
tauro-cholate  of  lead  precipitated,  and  wash  and  decompose  it  as  with  the 
glycocholate. 

2.  Evaporate  ox  bile  nearly  to  dryness,  extract  with  alcohol  (90  per  cent.), 
filter,  distil  off  the  alcohol  from  the  filtrate,  and  treat  the  residue  with  water ; 
to  the  watery  solution  add  some  milk  of  lime,  warm  gently,  and  filter.  When 
the  yellowish  filtrate  cools  treat  it  with  excess  of  dilute  sulphuric  acid  until  a 
permanent  turbidity  appears.  Lay  aside  until  a  crystalline  precipitate  forms, 
which  will  occur  sooner  or  later.  Collect  and  wash  it  on  the  filter  with  cold 
water;  it  is  then  to  be  expressed,  and  dried  between  folds  of  blotting-paper, 
dissolved  in  excess  of  lime  water,  and  again  treated  as  before  with  dilute 
sulphuric  acid.  The  ylycocholic  acid  precipitated  after  some  time  (days,  or 
even  weeks)  becomes  crystalline. 

3.  The  concentrated  fresh  ox  bile  is  poured  into  high  narrow  glass  cylinders, 
covered  with  ether,  and  then  treated  with  a  sufficiency  of  hydrochloric  acid  (2 
c.c.  acid  to  every  40  c.c.  of  fresh  bile).  The  bile  becomes  crystalline.  Pour 
off  the  ether,  and  shake  the  residue  with  much  water;  collect  it  on  a  filter,  and 
wash  it  there  with  cold  water  until  the  washings  are  colorless ;  now  dissolve  the 
residue  in  hot  water  and  filter.  When  the  filtrate  cools  the  glycocholate  will 
crystallize  out. 

4.  Evaporate  dog's  bile  to  a  syrup,  exhaust  this  with  alcohol,  and  shake  the 
alcoholic  extract  with  animal  charcoal  to  decolorize  it ;  then  evaporate  to  dry- 
ness, redissolve  in  a  little  warm  absolute  alcohol,  filter  again,  and  precipitate 
with  excess  of  ether. 

The  pigment  may  be  removed,  as  in  method  1,  by  first  making  the  bile  into 
a  paste  with  the  charcoal,  then  evaporating  to  dryness  and  extracting  the  dry 
residue  with  a  little  absolute  alcohol,  to  which  excess  of  ether  is  to  be  added. 
The  precipitate  of  taurocliolic  acid,  which  appears  slowly,  assumes  a  crystalline 
character;  to  purify  it  dissolve  in  a  little  water,  precipitate  the  solution  with 
basic  lead  acetate  and  ammonia,  and  wash  the  deposit  with  water ;  then  digest 
it  with  boiling  absolute  alcohol  and  filter  hot;  pass  a  current  of  hydric  sulphide 
through  the  filtrate  and  separate  the  lead  sulphide  by  filtration ;  this  last  alco- 
holic filtrate  is  to  be  evaporated  to  a  syrupy  consistence  at  a  low  temperature, 
and  the  taurocholic  acid  thrown  down  by  the  addition  of  excess  of  ether. 
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Properties. — (a)  The  glycocholic  acid  exists  in  two  forms,  one  of 
which  crystalli7.es  in  very  fine  needles,  and  the  other  is  amorphous,  ap- 
pearing as  a  resinous  mass.  It  is  monobasic,  and  enters  into  combina- 
tion with  the  alkalies  and  alkaline  earths,  also  with  silver  and  lead. 
This  acid  is  soluble  without  altei'ation  in  hydrochloric,  sulphuric,  and 
acetic  acids  and  orlvcerin ;  easilv  soluble  in  alkaline  solutions,  with  the 
formation  of  salts;  very  slightly  soluble  in  cold,  but  more  soluble  in 
hot  water;  almost  insoluble  in  ether,  but  very  soluble  in  alcohol.  Its 
alcoholic  solution  exerts  right-handed  polarization  :=  29°,  the  glyco- 
cholate  of  soda  beiui;  =  25*7°. 

This  acid  ai)j)ears  to  be  absent  from  the  bile  of  caniivora,  but  it  is 
abundant  in  ox  bile  and  in  human  bile. 

(b)  The  taurocholic  acid  {cholek  acidy  Stiucker),  or  at  lea^t  its 
soda  salt,  forms  silky  needles  that  deli(|uesce  readily  in  the  air,  forming 
an  amorphous  mass  that  soon  passes  into  a  synip,  being  very  unstable, 
and  decomposing  readily  into  taurin  and  cholalic  acid.  It  is  soluble  in 
water  and  alcohol,  and  polarizes  to  the  right,  its  soda  salt  in  alcoholic 
solution  having  a  specific  polarizing  i)ower  of  24*5°,  but  in  watery 
solution  only  equal  to  21-5°.  It  combines  with  potash,  soda,  and 
baryta,  and  its  solutions  are  j)recipitated  by  basic  acetate  of  lead  and 
ammonia,  but  not  by  neutral  acetate,  like  the  glycocholate. 

This  acid  is  especially  plentiful  in  the  bile  of  the  carnivora,  being 
the  only  one  present  in  dog's  bile,  but  it  is  to  be  found  also  in  ox  and 
human  bile. 

Tests  for  the  Biliary  Acids. — 1.  To  the  solution  of  the  biliary  acids 
add  a  little  solution  of  cane  sugar,  and  then  drop  by  drop  strong  sul- 
phuric acid ;  a  white  cloudy  appearance  is  produced,  which  disappears 
with  excess  of  acid,  a  deep  purple  violet  color  being  produced. 

2.  If  present  in  small  amount  in  liquid,  evaporate  this,  and  digest 
the  residue  with  alcohol,  and  evaporate  the  alcoholic  residue  in  turn. 
Add  a  few  drops  of  water  to  the  dry  extract,  and  then  a  drop  or  two 
of  syrup  (1  to  3  water);  let  strong  sulphuric  acid  now  fall  drop  by 
drop  into  the  mixture,  and  an  orange  color,  rapidly  j)assing  through  a 
carmine  to  a  purple  tint,  shows  itself,  but  soon  disappears.  The  quan- 
tity of  water  must  be  small,  and  the  temperature  below  60°. 

Tho  reaction  can  often  be  satisfactorily  obtained  by  adding  a  drop  of  sugar 
solution  (i  per  cent.)  and  a  droj)  of  sulphuric  acid  to  the  dry  residue,  and 
gently  heatinir  over  a  water  bath  until  a  violet  red  coloration  begins  to  show  itself 
at  the  margin  of  the  li«|uid,  when  the  capsule  is  to  be  removed  and  laid  aside. 
The  col(^r  increases  in  intensity. 

The  charrint::  of  the  sujiar  (as  in  the  casi'  of  diabetic  urine)  by  the  sul- 
phuric  acid  sometimes  hinders  the  characteristic  reaction,  particularly  if  the 
temperature  rises  Xou  high;  so  Dhkciiskl  has  proposed  the  use  of  a  syruj)y 
solution  of  phosphoric  acid  instead  of  sulphuric,  the  heat  being  applieil  as 
before. 

In  addition  to  the  })iliary  acids,  oleic  acid,  cholesterin.  lecithin,  benzin.  phe- 
nol, turpentine,   canij)hor,   salicylic,   tannic,  an«l  jjyro^rallic  acids,  morphia  and 
various  fats  are  said  to  give  Pkttknkofek's  reacti(m  with  sugar  and  sulphuric 
acid:  and  with  sulphuric  acid  alone  the  reaction  can  l)e  obtained  with  cod-liver 
oil.  cerel)rin,  sidicin.  piperin.  etc.     The  latter  Ixuiies  appear,  therefore,  to  (tm- 
t;un  a  radicle  related  to  sugar.     The  colored  body  produced  appears  to  depud 
more  on  the  constitution  than  on  the  composition  of  the  product  (Kix(JZ?:ttk 
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By  means  of  the  spectroscopic  test  any  difficulty  with  regard  to  the  iK)Ssi- 
ble  presence  of  albumens,  fatty  acids,  amyl  alcohol,  etc.,  may  be  avoided,  as  a 
moderately  strong  solution  of  the  biliary  acids  gives  an  absorption  band  between 
D  and  E,  but  nearer  E,  and  a  second  beside  F  t^)wards  it«  red  side  (Scuexk). 

3.  The  amount  of  biliary  acids  present  in  bile  or  in  a  liquid  can  be  deter- 
mined approximately  by  means  of  the  polariscope  with  an  alcoholic  solution : 

a  X  56-4 
p  =       '?u.±'  1  ^  ^^  deviation  in  degrees  with  a  1-dccimetre  tube. 

4.  Quantitative  Determination  of  TaurochoUc  Acid. — By  burning  a 
weighetl  quantity  of  dry  bile,  which  has  been  freeil  from  every  trace  of  sul- 
phuric acid  by  barjia  water,  with  nitric  acid,  th(?  sulphur  of  the  taurocholic  acid 
is  oxidized.  Digest  the  residue  with  water  and  determine  the  sulphuric  acid  by 
baryta  (see  Acidimetry)^  98  parts  sulphuric  acid  =  32  sulphur,  and  1  part 
sulphur  =  1G*8  tiiurocholic  acid. 

Derivatives.— j.  CHOLIC  or  CHOLALIC  ACID,  HC24H3,/),+H20, 

is  principally  interesting  as  being  the  starting  point  of  the  biliary  acids. 
It  is  the  constant  product  of  the  decomposition  of  the  biliary  acids, 
and  accordingly  is  found  in  the  intestinal  contents,  and  occasionally  in 
the  urine  of  jaundice,  but  it  is  not  present  in  fresh  bile  nor  in  the 
organism. 

It  is  readily  obtained  by  the  action  of  acids  or  boiling  alkalies  on 
the  biliary  acids,  but  Bayer  affirms  that  the  cholic  acid  derived  from 
the  human  biliary  acids  is  quite  different  to  that  prepared  from  ox  bile 
by  Stricker's  method,  and  IIammarstex  agrees  with  him  in  this 
respect  in  some  points. 

It  is  prepared  by  boiling  bile  with  caustic  j)ota.sh  for  12  to  24  hours;  then 
precipitate  with  hydrochloric  acid,  and  having  washed  the  d(»posit  with  water 
dissolve  it  in  caustic  soda  containing  a  little  ether;  hydrochlol-ic  acid  is  next 
adde<l,  and  after  some  time  crystals  form;  decant  and  cover  the  residue  with 
ether,  drain  off  the  ether  in  half  an  hour  or  so,  and  dissolve  the  deposit  in 
boiling  alcohol;  to  this  solution  add  a  little  water  until  a  permanent  precipitiit^* 
apj^tears;  tetrahedric  crystids  soon  make  their  appearance. 

Properties. — It  is  almost  insoluble  in  water,  soluble  with  difficulty 
in  ether,  and  moderately  soluble  in  alcohol.  Cholic  acid  occurs  in  an 
amorphous  as  well  as  in  three  crystalline  forms;  it  is  monobasic,  and 
by  prolonged  boiling  with  acids  and  alkalies,  as  well  as  by  putrid  de- 
composition, it  is  transformed  into  choloidic  acid  (CoiHafiO^)  and  later 
into  dyslysin  (C24H36O3).  If  nitric  acid  is  employed,  and  the  boiling 
continued  for  five  or  six  days,  a  good  condenser  being  attached  to  the 
vessels,  acetic  and  other  volatile  fatty  acids  are  evolved,  and  cholesteric 
(CgHjoOg)  and  choloidanic  acids  (Ci(jll24()7)  remain  behind  in  the  retort. 

ij.  For  GLYCOCIN,  one  of  the  decomposition  products  of  glyco- 
cbolic  acid,  see  under  Hippuric  Acid,  Book  IV,  Chapter  X. 

iij.  TAUEIN,  C2H7NSO3.— This  body  is  found  in  the  intestinal 
canal,  kidneys,  spleen,  lungs,  and  in  putrid  but  not  fresh  bile,  being 
developed  at  the  expense  of  the  taurocholic  acid  when  the  bile  ferments. 

It  is  isomeric  with  isethionamid,  and  ammonium  isethionate  when 
heated  to  210°  to  220°  is  converted  into  aniidcthyl  sulphonic  acid,  or 
taurin — 

p  XT  J  ''II  XT  n  •  P  TT     '  ^^^2  • 

^*"*  \  SO3NH,— "==^' *^-"<  \  SO3H 
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niAKfrrioif  and  the  nxoRn'ioxs  oohCebhbd. 


Preparation. — Canwiiirafe  freeb  ox  or  dog's  bile  and  boil  it  sevonJ  hoi 
with  ililiiU'  liyrlrochlnric  acid,  adding:  water  from  time  !«  time  to  reiplaw  ti 
liisM  by  (■\'it|ioriitii:in:  dyslvHin  Heuaratiw,  and  nfterwardu  mnae  sodic  chlori* 
dt^cnnt  and  liiler,  evaporate  the  fillrutc  to  dryne«e,  and  di^eet  the  naidue  ii 
nlwnliito  alpobiil,  which  prei'ij>it»t«ii  the  taurin  and  rcmovee  tho  ^yoodn 
hyiirale.     The  ri-'Kidiie.  imuluble  in  the  alcohul.  ia  dissolved  in  water  and  left  to 
cryBtallixe,  when  udfl'  widio  tbluride  Hcparutee.  the  taurin  remainiDg  in  solu- 
tion.    To  the  deeanled  liijuiil  add  4  to  5  tinieH  itn  volume  uf  boiling  alixibol, 
which  takes  \»]i  the  Liurin,  ihiH  body  iilUTwardK  aeparating  in  prigmatio  a. 
t«ls  when  tile  aleobiil  uimj^.     To  purify  it  tht-  tuurin  may  be  repeawdly  d 
Holvwi  lip  in  WHier.  and  erysUJliKwi  uut  by  the  addition  of  ulcohol. 

Propertiea. — Tauiin  crjetallizes  iu  large  four  or  aix-stded  colorls 
prisms  wluble  in  hot  water  and  insoluble  in  alcohol:  it  ia  not  decoi 
posed  by  boiling  dilute  acida  or  alkalies,  but  nitrous  acid  breaks  it  a 
into  isethionic  acid,  water,  and  nitrogen.  Combinations  with  soc' 
lime,  silver,  lead,  and  mercury,  etc.,  are  known  as — 

C,H/Na)NS(l,,.  (CJI„NS(>j)Xh,  |0,II„NS(i,\Hg-i-HgO. 


CHAPTER  XII. 


THE  BILIARY  PIGMENTS. 


TllK  two  normal  pigments  are  bilmibiii  uaii'hlUf'rdiii,  but  1  ._ 
freshly  seoreleil  bile  poured  out  durinj:  digestion  which  Las  not  lain  in 
the  gall  bladder  a])pears  to  coutuin  bilirubin  alone.  Two  others  arc 
described  by  StAdbi.ek,  hilifutriii  and  biKpraain  which  are  met  with 
chiefly  in  biliary  <'nlctili:  hiUhiimhi  has  also  been  descrilied.  and  Hai^ 
MAiiSTKN  further  givoM  hyiirobiUrnhin.  These  pigments  play  the  rf^ 
of  weak  aeids.  According  to  StArei.sr  the  following  relationak 
e-tifits  among  some  of  these  coloring  principles:  biliverdin  is  biliruM 
4  0  and  11^0;  biliprasin  the  same,  only  with  an  additional  molec 
of  water;  and  Inlifuscin,  bilirubin  -|-2Hjl). 

Bilifiitch)  (CiglljiN-Cj)  is  foutid  in  small  (juantity  in  old  bile  o 
taincd  from  the  j'liM-nvrteni  room,  and  in  humiiii  j:a!l  stones;  hillprnt 
(CiftH^NjO,;),  in  bumiin  gall  stones  in  small  amount;  while  A(7tAM»i 
is  an  iinpuri'  pnnluct. 

Bilirubin,  of  which  the  rest  seem  to  be  derivatives,  is  dosoly  relate 
lo  bii-nmtiii,  a  derivative  of  hivmoglobin — 

y(  C„n«N,Fe(.l.)  -h  3HjO=6(C,,H,aN,(),)  ~  3FeO. 

BIURTTBIH  iBUphain.  BUifiilvin.  Cholepyrrhini.  C'„U,„Ni(>, 
C\II,NO.  (ThlI'IOHim). — Tliis  jiigment  is  present  in  the  fri-e  state  if 
the  bill-  of  nmii  and  carnivora,  but  mort^'  abundant  in  ox  bile;  also  ii 
large  amount  in  gall  stones,  |inrtioularty  those  of  a  dark  color,  in  which 
it  is  partly  combined  with  some  of  the  alkaline  c&rths,  etc.  It  con- 
BtituteN  the  chief  biliary  pipracnl,  and  is  probably  more  or  less  identity 


wiib    hn^matoidin 
r\'AI.Kl(TlNKKl. 


blo("l   rrvsial*   found    in   old    extravasatioi 
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PreparatioiL — 1.  Powder  richly  colored  biliary  calculi^  particularly  tho%e 
of  the  oflD,  and  exhaust  the  powder  with  ether,  and  subwequently  with  boiling 
w^ater,  to  which  a  few  drops  of*  hydrochloric  acid  should  be  added  to  separate 
the  bilirubin  from  its  combinations.  Wash  it  now  in  pure  water  and  dry  it. 
The  residue  is  next  boiled  w^ith  chloroform  and  filtered ;  from  the  filtrate  the 
chloroform  is  distilled  off,  and  the  residue  extracted  with  absolute  alcohol  and 
ether,  by  which  bilifuscJn  is  removed,  the  bilinibin  remaining  behind.  It  may 
now,  to  purify  it,  be  redissolved  in  chloroform,  and  the  solution  allowed  to 
evaporate  spontaneoasly  for  some  time,  and  then  the  bilirubin  thrown  down  as 
an  amorphous  orange  precipitate  by  the  addition  of  alcohol  (afWr  StXdeler). 
Some  of  the  bilirubin  may  be  obtained  in  the  crystalline  form  by  allowing  part 
of  the  chloroform  solution  to  evaporate  to  dryness. 

The  residue  after  the  chloroform  extraction  contains  generally  a  green  color- 
ing matter,  biliprasin,  which  can  be  removed  by  means  of  alcohol,  the  alcoholic 
extract  evaporated,  the  residue  purified  with  ether  and  chloroform,  and  then 
dissolved  up  again  in  a  little  cold  alcohol. 

After  the  action  of  all  these  solvents  upon  gall  stones  a  brown  body,  hili- 
humin,  usually  remains  behind. 

2.  From  Human  Bile. — Add  an  excess  of  alcohol,  and  then  a  little  ammo- 
nia and  calcic  chloride,  filter,  and  exhaust  the  precipitate  with  alcohol.  The 
residue  is  treated  with  dilute  hydrochloric  acid,  and  after  having  been  washed 
with  water  is  extracted  with  alcohol,  which  dissolves  out  the  bilifuscin,  while  the 
insoluble  part  is  digested  with  chloroform,  which  dissolves  up  the  bilirubin 
<Thudichum). 

Or  dilute  the  bile  with  water,  precipitate  with  milk  of  lime,  then  pass  a 
current  of  carbonic  acid  for  some  time  to  separate  the  lime,  and  filter ;  decom- 
pose the  precipitate  with  a  little  hydrochloric  acid,  then  shake  it  up  with 
chloroform,  and  after  having  evaporated  off  much  of  the  chloroform  precipitate 
the  bilirubin  with  alcohol. 

3.  It  can  readily  be  extracted  from  fresh  dog's  bile  by  acidifying  this  with 
acetic  acid,  adding  chloroform,  then  warming  gently  and  shaking  well  in  a 
:&sk.  Allow  the  chloroform  extract  to  settle,  and  remove  it  with  a  pipette. 
The  bilirubin  can  be  separated  from  the  chloroform  by  evaporation  or  precipi- 
tation with  alcohol.  * 

Properties. — It  forms  a  fine  orange  or  red  amorphous,  or  a  dark 
Irownish  red,  crystalline  powder,  the  crystals  fomiing  rhombic  tables 
or  prisms,  soluble  in  the  alkaline  carbonates  and  precipitiible  therefrom 
by  hydrochloric  acid ;  readily  soluble  also  in  chloroform  and  benzole, 
silthough  its  alkaline  combinations  are  insoluble  in  these  reagents ;  but 
very  sparingly  soluble  in  alcohol  and  ether.  Its  color  is  evident  even 
in  very  dilute  solutions.  Bilirubin  acts  the  part  of  a  weak  acid,  and 
combines  with  soda,  lime,  silver,  baryta,  lead,  etc.,  as  (CigIIi-N203)2Ca. 

Derivatives  and  Characteristics. — 1.  Add  some  moderately  strong 
yellow  nitric  acid,  drop  by  drop,  to  an  ammoniacal  solution  of  bilirubin ; 
s  green  coloration  appears,  which  rapidly  changes  to  a  blue  {biUcyanin)^ 
^  violet,  a  red,  and  then  an  orange  and  yellow  tint. 

Zones  of  color  will  also  be  obtained  by  placing  drops  of  the  bilirubin 
solution  and  of  yellow  nitric  acid  in  contact  upon  a  white  plate. 

The  final  product  of  the  reaction  is  called  choletelln  (CigHi^NjOy)  by 
3rlALY.  It  is  a  yellowish  brown  amorphous  body,  soluble  in  water, 
^u;ids,  and  alkalies,  and  it  is  stated  by  Maly  to  be  identical  with  the 
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urinary  pigment.  Into  hydrobilirubin  it  is  convertible  by  the  action  of 
water  and  sodium  amalgam,  and  this  in  turn  reconvertible  into  choletelin 
by  nitric  acid. 

Choletelin  gives  one  broad  band  extending  from  6  to  a  little  beyond 
F.  Jaffe's  urobilin  also  gives  a  band  at  F.  While  choletelin  is  the 
final  oxidation  product,  urobilin  appears  to  hold  somewhat  of  an  inter- 
mediate position.  Another  secondary  product  of  the  oxidation  of  bile 
pigment  is  described  by  Stokvis  as  insoluble  in  ether  and  chloroform, 
but  forming  a  rose-red  solution  in  caustic  soda,  which  give«  a  broad 
band  in  the  green  between  D  and  E ;  but  this  pigment  is  not  found  in 
urine  unless  in  pathological  conditions. 

2.  Add  to  a  solution  of  the  bile  pigments  in  alcohol,  ether,  or  chloro- 
form an  alcoholic  solution  of  bromine  (5  per  cent.)  or  an  aqueous 
solution  of  chloric  or  iodic  acids  (20  per  cent.),  and  three  stages  of 
coloration  will  be  produced — green,  blue,  and  violet — after  which  a 
reddish  yellow  color  shows  itself,  and  lastly  the  whole  becomes  colorless. 

The  blue  solution  gives  one  band  in  the  red  when  examined  with 
the  spectroscope ;  the  violet  solution  two  bands,  one  in  the  red  and  the 
other  in  the  indigo ;  and  the  reddish  yellow  solution  a  single  band  m 
the  blue  (Capranica). 

3.  Add  a  little  sodium  amalgam  to  an  alkaline  solution  of  bilirubin, 
and  heat  gently  oi*  lay  aside  for  two  or  three  days ;  the  color  will  grad- 
ually disappear.  The  mercury  is  then  separated  by  decantation,  and 
hydrochloric  or  acetic  acid  added  until  a  precipitate  occurs  in  the  form 
of  reddish  brown  flocculi,  that  are  to  be  sej)arated  by  filtration.  This 
body  is  hffdrohilirubin  {O^Jl^^fi-j).,  said  to  be  identical  with  Jaffe's 
urobilin  (Stokvis)  and  with  the  coloring  matter,  stei'cohilin,  of  the 
faeces  (Masiu.*^).  According  to  Hoppe  Seyler  a  similar  body  can  be 
prepared  by  acting  on  hiemoglobin  or  hjematin  with  hydrochloric  acid 
and  tin. 

HYDROBILIRUBIN  (Stercobilin)  is  dark  brown  and  amorphous, 
and  soluble  in  alkalies,  sulphuric  and  acetic  acids,  and  alcohol,  ether,  and 
chloroform.  The  solutions  are  generally  rosy  red  in  thin  layers ;  but 
they  do  not  show  a  play  of  colors  Avith  nitric  acid.  Its  acid  solutions 
are  said  to  give  an  a])sori)tion  band,  especially  on  the  addition  of  a  little 
chloride  of  zinc,  between  b  and  F,  but  close  to  the  latter. 

Hydrobilirubin  is  occasionally  i)resent  in  bile  and  urine,  but  is 
usually  present  in  f;eces,  l)eing  formed  there  probably  by  the  action 
upon  the  bilirubin  of  the  nascent  hydrogen  evolved  in  butyric  acid  fer- 
mentations. 

BILIVERDIN,  Ci,l[,,NA  (Maly),  GigHooN.O^  (Stadeler), 
CyllyNO.  (Tiiudicuum). — This  l)ody  is  abundant  in  the  bile  of  cold- 
blooded animals,  as  well  as  in  that  of  wann-blooded  animals  who  are 
starving. 

An  alkaline  solution  of  bilirubin,  when  exposed  to  the  air,  becomes 
greenish  from  the  formation  of  biliverdin.  The  action  of  light  alone 
has  l)een  said  to  be  sufficient  to  induce  the  change  (Capranica). 

Bih'vcrdin  is  prepared  by  making  an  alkaline  solution  of  bilirubin,  passing 
a  current  of  air  tlirouj^h  it  or  expoMng  it  to  the  air  for  sorae  time  in  a  flat 
vessel  until  it  becomes  intensely  green  ;  then  precipitate  with  hydrochloric  acid, 
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wash  the  deposit  with  water  until  no  chlorine  reaction  can  he  obtained  in  the 
washings;  finally  dissolve  in  absolute  alcohol  and  precipitate  with  water. 

Properties. — Biliverdin  forms  a  green  amorphous  powder,  and  is 
insoluble  in  water,  ether,  and  chloroform ;  it  is  very  soluble  in  alcohol 
(particularly  if  freshly  prepared),  acetic  acid,  and  alkaline  fluids.  Like 
bilirubin  it  gives  a  play  of  colors  with  nitric  acid,  and  from  it  hydrobili- 
"rubin  and  choletelin  can  be  obtained. 

Eelations  among  the  Soluble  Figments  of  the  Body. — It  is  supposed 
that  the  bile  pigments  are  derived  from  those  of  the  blood,  and  give 
origin  to  the  pigments  of  the  fECces,  from  which  come  the  coloring  mat- 
ters of  the  urine.  The  order  of  their  appearance  would,  therefore,  be 
somewhat  as  follows:  haemoglobin,  hsematin  or  hjematoidin,  bilirubin, 
hvdrobilirubin,  and  urochrome.  As  vet,  however,  the  connection  has 
not  been  clearly  proved. 


CHAPTER  XIII. 

CHOLESTERIN. 

CHOLESTERIN,  C^jJI^iO,  is  very  widely  spread  in  the  body,  and  in 
the  seeds  of  plants  it  has  also  been  found.  It  occurs  largely  in  the 
cerebro-spinal  axis  and  in  nerves ;  is  also  present  in  blood  and  is  pos- 
sibly excreted  in  the  bile,  forming  the  chief  ingredient  of  biliary  calculi. 
Its  natural  solvents  in  the  ])ile  are  the  soaj)s  and  biliary  acids.  Cho- 
lesterin  is  likewise  found  in  yolk  of  egg,  in  the  spleen,  in  certain  drop- 
sical fluids,  pus,  atheromatous  deposits  and  strumous  cysts,  and  in  many 
li]>omas,  goitres,  and  pulmonary  tubercular  dej)Osits. 

Preparation. — 1.  Powder  some  pale  biliary  calculi,  boil  the  powder  some 
hoars  with  spirit  to  which  potassic  hydrate  has  been  added ;  filter  on  cooling, 
and  wash  the  crystalline  mass  with  cold  alcohol  and  then  with  water ;  purify 
the  cholesterin  thus  obtained  by  redissolving  it  in  boiling  ether,  adding  to  this 
last  half  its  volume  of  alcohol,  and  lay  aside  to  evaporate  spontaneously. 

2.  It  can  also  be  readily  obtained  by  extracting  brain  substance.  The 
pieces  of  brain  are  to  be  placed  in  alcohol  for  several  days,  and  then  to  be 
finely  divided  and  digested  in  boiling  alcohol ;  the  hot  extract  is  next  filtered 
through  a  heated  funnel,  and  the  filtrate  allowed  to  cool.  The  deposit  that 
occurs  consists  of  cerebrin  and  protagon  as  well  as  cholesterin.  This  is  first 
washed  with  cold  alcohol,  and  after  being  dried  with  filtering  paper  is  shaken 
with  ether,  the  ether  distilled  off*,  and  the  residue  healed  for  an  hour  with  an 
alcoholic  solution  of  potassic  hydrate  ;  it  is  then  evaporated  to  dryness,  washed 
with  water,  and  dissolved  in  a  mixture  of  ether  and  alcohol,  from  which  the 
cholesterin  is  allowed  to  crystallize  out. 

Properties.— Cholesterin  has  the  character  of  a  monatomic  alcohol, 
seeming  to  be  the  only  free  alcohol  that  occurs  in  the  body.  It  is  a 
fatty  substance  insoluble  in  cold  water,  alkalies,  dilute  acids,  and  alcohol, 
but  soluble  in  a  large  quantity  of  boiling  water  or  in  boiling  acetic  acid, 
glycerin,  or  alcohol;  also  readily  so  in  ether  and  chloroform,  benzole, 
soaps,  and  the  biliary  soda  salts. 
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It  exists  water-free  or  combined  witli  a  molecule  of  water.  Out  of 
benzole,  chloroform,  or  anhydrous  ether  it  crystallizes  without  water, 
but  water  holding  crystals  are  deposited  from  alcohol  in  the  form  of 
oblique  rhombic  tables.  From  a  mixture  of  alcohol  and  ether  it  sepa- 
rates in  monoclinic  prisms  or  largo  pearly  plates.  The  usual  crystals 
are  the  large,  thin,  translucent,  and  motlier-of-pearMike  rhombic  tables. 
The  anhydrous  silky  needles  are  not  so  common. 


Heated  up  to  SSO"  in  vacuo  it  sublimes  in  great  part  without  altera- 
tion, and  yields  cholesteric  acid  (C„HioOj)  when  boiled  with  nitric  acid; 
when  heated  to  200°  with  such  acids  as  acetic  and  benzoic  it  forms 
compound  ethers,  and  a  resinous  hydrocarbon  (CjgHjj)  appears  when  it 
is  boile<l  with  strong  sulphuric  acid. 

Tests  and  Characteristics.— 1.  Add  a  little  dilute  sulphuric  acid  to 
a  few  crystals,  warm  gently,  and  then  add  a  drop  of  strong  sulphuric 
acid :  a  deep  red  color  is  developed.  This  test  can  be  well  applied  to  a 
few  crystals  placed  on  a  slide  and  examined  under  the  microscope. 
Add  to  the  crystals  a  drop  or  two  of  strong  sulphuric  acid  diluted  with 
one-fifth  its  volume  of  water ;  after  mixing  with  a  glass  rod  heat  the 
slide  fiently.  The  edges  of  the  crystals  will  be  seen  under  the  micro- 
sco|)e  to  have  become  violet  or  carmine-tinted  (MolesCHOTt). 

2.  When  the  crystals  arc  heated  with  raodei'ately  strong  sulphuric 
acid  und  aftorward.s  with  a  little  iodine,  a  play  of  colors  is  produced, 
passing  from  vioh^t  through  blue,  green,  red,  and  yellow  to  brown. 
Concontratc<l  sulphuric  acid  colors  the  crystals  red,  the  tint  being 
changed  to  groen  on  the  ad  It' on  of  wate 

3.  Dissolve  some  crystals  n  cl  loroform,  and  ahake  the  solution  with 
an  equal  volume  of  strong  u1]  I  ur  c  a  d  a  blood  red  solution  is  ob- 
tained, which  becomes  blie  tlcn  „reen  and  finally  yellow.  A  trace 
of  water  decolorJKes  the  sol  o  to  (Sen  iff).  The  layer  of  sul- 
phuric acid  presents  a  well  na  ked  gen  fluorescence;  on  diluting  it 
with  glacial  acetic  acid  a  rosy  and  tl  en  a  purple  liquid  makes  its  ap- 
pearance, but  the  flonrescence        n  ns  pe  iianent  {Sai.kowski). 

4.  Heat  some  crystals  g  ntly  w  th  a  mixture  of  ferric  chloride  (1) 
and  hydrochloric  acid  (2),  a  1  tie  11  if  pure,  assume  a  violet  or 
bluish  color. 

').  Place  a  few  crystals  on  n  small  porcelain  dish,  cover  them  with  a 
drop  of  strong  nitric  acid,  and  (evaporate  to  dryness  at  a  gentle  heat ; 
on  touching  the  yellow  residue  before  it  has  quite  cooled  with  a  drop  of 
ammonia  a  deep  red  color  is  produceil,  which  is  not  altered  by  the  addi- 
tion of  a  drop  of  caustic  potash — thus  differing  from  murexid  (Schiff). 


BOOK    III. 


THE  TISSUES:   CHEMISTRY  OP  THE  TISSUES, 
ORGANS,  AND  REMAINING  SECRETIONS. 


CHAPTER  I. 

THE  BLOOD. 

FunctioiiB. — 1.  Serves  as  the  great  medium  of  exchange  among  all 
the  parts  of  the  body. 

2.  Acts  as  the  great  carrier  of  nutrient  fluid  to  the  tissues.  The 
blood  is  elaborated  from  the  food,  and  serves  as  the  intermediary  between 
it  and  the  fluid  in  which  the  tissues  and  organs  are  bathed,  and  from 
which  they  obtain  their  nutriment.  Waste  is  constantly  going  on,  and 
this  waste  material  is  as  constantly,  during  life,  being  replaced  by  new 
material  supplied  by  the  blood. 

3.  It  is  aha  the  great  oxygen-carrier.  In  the  lungs  the  haemo- 
globin fixes  a  certain  amount  of  this  gas,  and  conveys  it  to  the  interstitial 
fluids.  By  means  of  the  oxygen  thus  conveyed  oxidations  are  carried 
on  in  the  tissues,  by  which  the  latent  energies  there  present  arc  con- 
verted into  heat  and  the  vital  forces. 

4.  It  further  serves,  like  a  drainage  system,  to  carry  away  the  waste 
products^  such  as  carbonic  acid  and  the  like,  to  those  parts  of  the  econ- 
omy, as  the  lungs,  kidneys,  etc.,  where  they  can  be  eliminated  or  pre- 
pared for  elimination. 

Physical  Characters.— Blood  is  an  opaque,  viscid,  red  fluid,  slightly 
alkaline  in  reaction,  saltish  in  ta^ste,  j)Ossessing  a  mean  density  of  1055 
and  a  temperature  between  36*5°  and  87-8°  (97-7°  to  100°  F.) 

(a)  Its  color  is  due  to  the  hjvmoglobin  that  it  contiiins,  and  to  the 
condition  in  which  this  body  exists,  whether  chiefly  in  the  state  of  oxy- 
haemoglobin  or  of  reduced  htemogloliin,  the  degree  of  color  also  depend- 
ing more  or  less  on  the  proj)ortion  ]>etween  its  colored  and  pale 
corpuscles,  and  on  the  greater  or  less  concavity  of  the  former.  Arterial 
blood  is  of  a  bright  scarlet;  venous  ])lood  of  a  dark  bluish  red  color; 
arterial  blood  is  also  monochroic,  while  venous  blood  is  dichroic — that 
is,  red  with  reflected  and  bottle  green  with  transmitted  light.  The 
color  of  arterial  blood  is  darker  in  advanced  pregnancy  and  paler  in 
chlorosis,  leukaemia,  and  diseases  of  the  spleen.  Venous  blood  from  the 
kidney  is  lighter  in  color  than  other  venous  blood,  and  the  same  may  be 
said  of  venous  blood  from  an  inflamed  organ. 

(189) 
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(b)  The  odor  of  fresh  blood  somewhat  resembles  that  of  butyric  acid, 
and  it  is  readily  evolved  by  treating  the  blood  with  sulphuric  acid,  being 
probably  due  to  some  volatile  body  of  the  fatty  acid  series. 

{c)  The  deimty  may  vary  between  1045  and  1075  (or  1050  to  1059, 
Nasse  and  Schmidt),  or  an  average  of  1055,  being  somewhat  less  in 
women  and  children.  The  corjniscleB  have  a  density  of  1088  to  1105 ; 
the  plasnia,  of  1027  to  1028;  and  the  serum,  of  1026  to  1029,  or  an 
average  of  1028. 

(ii)  The  temperature  is  due  to  the  oxidation  going  on  in  the  tissues. 
The  temperature  of  the  blood  of  the  hepatic  and  portal  veins  is  higher 
than  that  of  ordinary  venous  blood,  and  the  blood  of  the  right  ventricle 
is  warmer  than  that  of  the  left. 

{e)  The  alkaline  reaction  is  due  to  the  bicarbonate  of  soda  and  sodic 
phosphate  of  the  plasma.  The  alkalinity  increases  in  the  serum  after 
coagulation,  but  the  fresh  ])lood  is  more  alkaline  immediately  after  re- 
moval than  after  a  short  time  has  elapsed  (Zdntz).  To  show  this 
alkaline  reaction  (1)  treat  some  glazed  violet  litmus  paper  with  strong 
sodium  chloride  solution,  then  touch  it  with  a  drop  of  blood  to  which  a 
fresh  drop  of  the  sodium  chloride  has  been  added,  and  in  a  few  seconds 
wipe  away  the  whole  by  means  of  filter  paper ;  the  litmus  paper  will  be 
seen  to  be  colored  blue  by  the  blood  (Zuntz).  (2)  Let  a  drop  of  blood 
fall  on  a  thin  slab  of  j)laster  of  Paris  which  has  been  previously  treated 
with  neutral  litmus  solution.  On  washing  the  drop  away  a  blue  stain 
remains  behind  (LiEBREicn). 

M.MiY*  regards  the  ordinary  method  of  titration  of  serum  as  not 
trustworthy,  and  his  experiments  would  tend  to  show  that  the  serum 
has  acid  instead  of  alkaline  properties.  IIixteregger  has  shown  that 
acids  and  acid  salts  diffuse  more  readily  than  neutral  salts ;  therefore 
serum  containing  acids  ought  to  yield  an  acid  diffusate.  This  Maly 
has  found  to  1)c  the  case:  350  c.c.  of  serum  dialysed  in  distilled 
water  yielded  a  diffusate  containing  sufficient  acid  to  neutralize  212 
milligrams  of  soda. 

Quantity  of  the  Blood. — Very  different  estimates  have  been  given, 
but  the  most  reliable  apj)car  to  be  founded  on  the  data  of  Wklcker 
and  Heidenhain,  etc.  :  accordinor  to  these  the  blood  forms  7*7  to  8*3 
per  cent,  of  the  body  weight  of  an  adult  man ;  that  is,  for  a  man  about 
ten  stone  weight,  about  eleven  pounds  of  blood.  This  corresponds 
very  closely  to  Blschoff's  estimate  of  one- thirteenth  of  the  body 
weight.  A  new-born  child  contains  in  its  ])ody  only  a  proportion  of 
5-2  per  cent.,  or  about  one-nineteenth  of  the  body  weight;  a  dog  jibout 
7*4  j)er  cent.,  and  a  rabbit  h'i^  ])er  cent. 

Distribution. — It  may  be  stated  in  general  terms  that  about  one- 
fourth  of  the  blood  is  normally  ])resent  in  the  liver  during  life ;  one- 
fourth  in  the  muscles  of  the  skeleton:  one-fourth  in  the  heart,  lungs, 
and  great  vessels,  and  the  remaining  fourth  in  the  rest  of  the  organ 
and  tissues. 

Microscopic  Constituents  of  the  Blood. — These  consist  of  a  scrit^  ol 
little  Imdios  calltrd  corpuacleii,  which  float  in  Xhi^  h'tpior  smngniim.  Of  the  cor 
pusclea  there  aro  two  chief  varieties!,  the  colored  or  re<L  and  the  pale  or  tchite 

(a)  The  colored  corpuscles  vary  in  shape  and  size  throughout  the  vert- 
brata ;  they  are  circular  hollow  discs  in  all  the  mammalia  except  the  eamclid 
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in  which  they  are  oval,  and  they  are  oval  in  shape  in  birdH.  reptiles,  and  fish. 
In  man  they  have  an  average  diameter  of  y^  to  jAir  of  an  inch.  In  all  the 
▼eitebrates  except  the  mammalia  the  corpuscles  arc  nucleated,  but  it  should  be 
mentioned  that  a  body  resembling  a  nucleus  is  said  to  be  brought  into  view, 
even  in  a  mammars  red  corpuscle,  by  special  treatment  (Bottciier).  These 
colrired  corpuscles  consist  of  a  pale,  translucent,  white  protoplasmic  substance, 
the  tironui,  which  is  everywhere  permeated  by  the  red  coloring  substance  of 
the  blood,  the  haemoglobin.  No  separable  cell-wall  is  present,  although  some- 
thing of  the  kind  has  been  described  in  the  red  corpuscles  of  reptiles,  and 
even  of  mammalia  (Ranvier,  Rutherford). 

Some  small  granular  colored  corpuscles  have  also  been  mentioned  as  exist- 
ing in  the  blood ;  to  these  Hayem  has  given  the  name  of  hsemntoblasts. 

(6)  Of  the  pale  ct/rpusdes  tliere  are  different  varieties.  They  are  nucleated 
masses  of  protoplasm  devoid  of  cell  membranes  and  containing  fine  or  coarse 
granules;  they  possess  the  power  of  amoeboid  movement,  and  can  take  sub- 
stances into  their  interior.  Intennediate  forms  also  exist;  and  Ranvier  de- 
scribes two  forms  of  free  granulations,  the  one  rounded  and  the  other  angidar. 

3iire  "rate  is^ 

Fkj  is.— Blood  C'orpusclks. 

(a  to/  huinan,  g  to  /  fmg,  an«l  m  pigeon.) 

a,  rwl  or  colored  hiiiiiuii  corpiiM-lo  >MH'n  oii  the  flat ;  ft,  a  roiiltuiu  of  human  corjmscU'?*  MH?n  on  . 
the  tlat ;  c,  a  nnl  eorpU}*<'le  stt-n  in  profile;  d,  a  ereuuHMl  rinl  <*orpuscIe;  f,  j»ale  t-orpuwlea, 
one  of  which  i.n  <'<mr?H*!y  and  the  other  finely  granular; /.  free  granulations;  j/,  red  cor- 
ini!«jlcs  of  frog;  h,  re<l  i*orpuseles  of  frog  »HH'n  In  profile:  »,  uead  pale  cori)uscle;*A*,  resting 
pale  corpuscle;  /,  pale  c-orjtuMcle  in  a  state  of  activity,  exhibiting  anm'boid  movement;  w, 
red  coriiUBcles  of  pigt-on. 

As  a  mean  there  is  about  one  pale  corpuscle  to  340  red ;  but  the  pale  cor- 
puscles are  increased  by  food,  and  the  proportion  varies  according  to  the 
region  whence  the  blood  is  derived  :  thus  in  the  splenic  vein  there  is  1  to  60 
red,  in  the  hepatic  vein  1  to  170,  in  the  portal  vein  1  to  740,  and  in  the 
aorta  1  to  2260. 

Chemical  Composition. — Normal  blood  left  to  itself  for  twenty-four 
hours  gives  the  following  percentages  : — 

T .  .   .     I  serum       44-52*5 

Liquor  sanguinis  ■  ^^^^^^  r       •  .  i 

clot  -  47-5-56  r°*«^«^^.^2:"f^^ 

Corpuscles  J  ...    "T:^ 

^  interstitial  serum 

L         -^  12-5-20 

The  chemical  composition  varies  somewhat  in  different  animals, 
and  even  in  the  same  animal  there  are  sensible  differences  not  only 
according  to  the  region  whence  the  blood  is  taken,  but  also  according 
to  the  physiological  or  pathological  condition  of  the  animal  at  the  time. 

Analyais— Blood  of  Adult  Male  (act.  25).  (C.  Schmidt.) 

Per  cent.                                                Per  cent. 
i„«.^„  ^Q.«o  I  wator 43*90 

Moist  corpuscles 51-3   {^g      [    [    [    [    [    [    [    U^A 


Blood 
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Corpu-scles 
Per  cent. 

Water 6816  . 

Solids 31-84  . 


Plauma. 
Per  cent. 

9015 
9-85 


Globulin,  etc 2960 

Hirmatin 1*50 


(or  Haemoglobin       3111) 

Ash 

Potassic  Chloride 

Sodic 

Potassic  phosphate 

Sodic 

Soda 

Potassic  sulphate 


Albumens  . 
Albuminates 
Extractives  . 

Fibrin      .     . 


} 


u 


0-73 
0*367 

0-234 
0063 
0013 
0013 


819 

0-81 
0-85 
0*036 
0-55 

0027 
015 
0028 
0*053 


Plasma 6038 

Moist  corpuscles    .     .    3962 


^-ne 


Calcic  and  magnesic  phosphate  0-015 

The  amount  of  corpuscles  in  this  analysis  appears  very  high ;  in^"^^  ^^ 

another  analysis  of  the  blood  of  a  woman,  aged  30,  Schmidt  obtained-fc^'^ 

the  proportions: — 

Other  chemists  have  given  the  mean  of  th< 
plasma  to  the  corpuscles  as:  plasma, 
per  cent. ;  corpuscles,  33-35  per  cent. 

The  ash  of  the  serum  as  compared  with  that  of  the  corpuscles  is-^ 

rich  in  soda  salts  and  chlorine,  but  poor  in  phosphates  and  sulphates 

It  is  possible,  it  may  be  remarked,  that  in  the  process  of  calcination 
the  sulphuric  and  phosphoric  acids  are  increased  at  the  expense  of  the? 
carbonic  acid  that  is  expelled,  the  chlorine  at  the  same  time  diminish- 
ing sensibly.     Analyses,  at  any  rate,  make  the  proportion  of  phosphori< 
acid  in  the  corpuscles  to  that  in  the  plasma  as  =  0-113  per  cent.  t< 
0*019  per  cent. ;  and  of  the  potash  in  the  corpuscles  to  that  in  th< 
plasma  as  =  0*332  per  cent,  to  0*032  per  cent.     On  the  other  hand,^ 
in  the  plasma  the  proportion  of  soda  and  chlorine  is  about  three  tim< 
as  great  as  in  the  corpuscles ;  and  there  is  also  in  the  plasma  an  excest 
of  the  earthy  phosphates. 

Subjoined  is  the  ?))ean  composition   of  the  blood  as  given 
QIJEREL  jind  RODIKR  : — 

I*er  cent 

Water 7816 

Dry  corpuscles 13'60 

Albuminoids 7*00 

Fibrin       0*25 


by  Beg- 


Fats 


0-17 


Extractives 0*84 

Earthy  phosphates 0-03 

Iron 006 

The  ash  of  human  blood  is  thus  «^iven  by  Jarisch  in  the  100  part^: — 

Chlorine 30-74 

Potash 27-55 

Soda 24-11 

Phosphoric  acid 8'82 

Sulphuric      ''         Til 

Oxide  of  iron 8*16 

Lime  and  majjjnesia 1*33        * 

1.  As  to  wafer,  the  l»l()od  of  the  hepatic  vein  contains  less  than  that  oft 
portal  vein.     Fasting  from  solids  and  liquids  causes  the  quantity  to  di 
ish;  abstineuce  from  solids  idone  increases  it  at  first,  but  then  causes  it  to  si: 
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2.  Fati  are  present  in  an  average  proportion  of  02  per  cent.,  and  consist 
of  palmitin,  stemn,  olein,  and  phosphorized  fats  analogous  to  those  in  the 
brain.  They  are  especially  abundant  after  food,  and  may  thus  rise  to  0*4  to 
0*6  ptT  cent.,  and  are  richer  in  portal  than  in  hepatic  blood,  and  also  in  the 
blood  of  females  than  of  males.  Alkali  soaps  of  the  above  fatjj  are  also  found  in 
the  bliK)d. 

3.  Extractives. — Under  this  head  are  included  all  the  organic  constituents 
with  the  exception  of  the  albumens  and  fatfl. 

Cholesterin  exists  in  the  corpuscles  as  well  as  in  the  serum;  it  varies  from 
002  to  0*03  per  cent.,  and  is  said  to  increase  in  old  age. 

Lecithin  is  proba})ly  a  derivative  of  the  destroyed  cor]>u8cles. 

Kreatin  =  01 08  to  0*055  per  cent,  in  the  blood  of  the  ox.  Urea  form* 
0*02  per  cent,  of  the  total  blood  (0*0102  [>er  cent,  in  blood  of  dog — Wvrtz); 
it  Ls  richer  in  placental  blood. 

A  ptyalin-like  ferment  ha.H  been  separated ;  also  a  saccharine  body  of  the 
nature  of  grape  sugar ^  forming  about  005  ])er  cent,  of  the  total  blood  (00-A 
to  0*07  per  cent. — Pavy,  Dvpr^),  but  disappearing  very  rapidly  after  death 
unless  the  corpse  is  maintained  at  a  tem])erature  below  0°.  While  the  portal 
blo(Kl  contiiins  little  or  no  sugar,  that  of  the  hepatic  vein  contains  from  }  to  1 
per  cent,  of  sugar  in  the  dry  residue.  There  is  much  difference  of  opinion  as 
to  the  amount  of  sugar;  being,  acrcording  to  some,  most  abundant  in  the  hepatic 
vein,  and  then  gradually  disappearing,  but  more  in  arterial  than  in  venous 
blood  (Bernard)  ;  while,  according  to  others,  there  is  no  constant  difference 
in  the  amount  of  sugar  in  arterial  and  venous  blood  (Pavy,  Abeles). 


Carotid. 
IVr  wut. 

Jugular  vein. 
iVr  cent. 

Ri)<ht  ventricle, 
IVr  cent. 

Acconling  to  Bernard 

Mkbino  .    . 
"            Abeles    .    . 

.     .    Oil  to  0*15 
.     .     017  "  0*13 
.     .         0049 

006  to  012 
014  "  015 

0054 

Lactic  acid  J  xanthia,  hypoxanthin^  alcohol^  and  indican  are  all  described  as 
present;  ulsi)  'a  ytlhic  pigment,  probably  an  oxidati<»n  jiroduct  of  htemoglobin, 
ur  hydrobilirubin  according  to  Maly. 

4.  Inorganic  aSuUs. — A  mean  of  00  jkt  cent,  to  the  21  per  cent,  of  s(»lids; 
more  abundant  in  hepatic  venous  bloinl  than  in  portal  blood,  and  richer  in  the 
latter  than  in  the  siTum  of  the  blood  nf  the  jugular.  Sodic  ehioridt^  forms 
about  J  |»er  cent,  of  normal  serum;  sodic  carbonate  and  sulphate  are  also 
present  in  small  jiroportion  ;  the  sodic  ])hos]>hate  probably  exists  as  Na.,IIP()^, 
and  the  traces  of  magnesic  and  calcic  ])hosphates  as  Mg.,2P()^  and  (Vj2P0,  (?) 
respectively. 

The  arrangement  of  bases  and  acids  given  in  blood  analyses,  it  should  l>e 
remembered,  is  artificial  and  approximative,  ami  cannot  be  said  to  be  really  a 
c*<.)rrect  representation  of  the  condition  in  which  these  bodies  are  ])re.s<»nt  in  the 
bltXKl.  Both  phosphates  and  sulphates,  for  example,  are  no  doubt  derived  in 
great  part  from  the  oxidation  of  the  lecithin  and  proteids,  etc.;  the  iron  from 
the  hiemoglol)in ;  and  the  (uirthy  phosphates  in  part  from  the  fibrin  and  albu- 
men, being  set  free  l>y  these  bodies  when  they  coagulate. 

The  Corpuscles. — These  bodies  constitute  from  one-third  to  a  little 
less  than  one-half  the  whole  blood.  The  blood  of  birds  is  richest  in  cor- 
puscles, but  not  so  rich  in  haMuoglobin  as  the  corpuscles  of  human 
blood,  which  is  richer  in  corpuscles  than  the  blood  of,  any  other  mam- 
mal. The  red  corpuscles,  as  we  have  seen,  are  made  up  of  a  colorless 
stroma,  consisting  of  globin  or  a  globulin-like  body  or  bodies,  which 
must  not  be  confounded  with  the  paraglobulin  of  the  serum,  although 
13 
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the  latttT  may  be  derived  from  it.  This  globin  is  impregnate<I  ffifl 
hiemoglohin,  and  contains  in  addition  traces  of  other  bodies.  The 
moist  corpusdas  of  human  blood  contain  about  S5  per  cent,  dry  solids. 
The  dried  orgiinic  matter,  accoHing  to  JPdeli,.  consists  in  tlie  100 
parts  of — 

Hiimogloliin -    S61Q  to  94*30 

Alhummoiia  tiodies  nnd  nuclcin      510  "  12'24 

Lecithin 035  "    OTS 

CholeBtcriQ —         0^ 

There  are  also  present  alkaline  chlorides  and  phosphates,  -a  litti 
fat,  and  traces  of  manganese  and  of  a  diastatic  ferment.     Nuclea 
corpuscles  are  said  to  be  richer  in  albumen,  cholesterin,  and  lecithinp 
and  in  their  nuclei  a  body  named  nuclein  (Plosz)  has  been  described 
na  present.     This  nuclein  rL'sembles  mucin,  but  differs  from  it  in  con- 
taining phosphorus.     The  average  of  iron  in  the  blood  is  said  to  be p 

0'054  per  cent.  (Pelouze),  and  in  the  dry  corpuscles  0'43  per  cent^^^H 
(Bousstkgault).  J^^H 

The  composition  of  the  pale  corpuscles  can  only  be  arrived  at  Ido^^^^ 
rectly.  They  consist  of  several  albuminous  bodies,  fat,  lecithin,  gl]^^^^ 
cogen,  and  other  extractives,  together  with  potash  pho8]>hates,  etc. 

The  Plasma,  at  a  temperature  below  0°,  is  a  viscid,  greenish  yellow 
or  yellowish  fluid,  strongly  alkaline  in  reaction,  and  separating  into 
fibrin  and  serum  if  the  temperature  is  only  a  little  raised  above  0°. 
The  generators  of  this  fibrin,  according  to  ScHMiUT,  are  flbrinoplastiti 
(paraglobulin),  fibrinogen,  and  a  special  ferment.     Of  these  only  the 
fibrinogen  is  said  to  be  preformed,  the  fibrinoplaatin  and  the  ferment 
resulting  from  the  rapid  destruction  of  the  pale  corpuscles.     In  men 
the  amount  of  fibrin  that  can  be  separated  fonns  a  mean  of  about  0*2 
per  cent,  of  the  total  blood;  but  arterial  yields  more  than  venous,  an^^^J 
the  blood  of  the  jugular  vein  more  than  that  of  the  portal.     Its  tiuw^^^^l 
tity  is  increased  by  animal  to  a  greater  extent  than  by  vegetable  f'X>^^^^| 
it  also  increases  in  pregnancy.  ^^^^| 

The  Serum  is  a  transparent  yellowish  or  greenish  yellow  fluid,  all[»-  \ 

line,  slightly  viscid,  and  consisting  of  water  about  90  per  cent.,  holding  in 
solution  8  to  10  [ler  cent,  of  proteids  and  1  to  2  per  cent,  of  fats,  ex- 
tractives, and  salts.  Arterial  scrum  contains  more  water  than  venous 
scrum,  and  the  water  increases  in  old  age  (SiMos). 

Thri'e  albujiiena  ai-e  described  as  present — tentm  albumen  (serine), 
purii'jlobuliH  (fibrinoplaatin).  and   alkali  alhumhtate  (serum  caseinjj^ 
1Iam.vabsten  gives  the  total  albumen  as  equal  to  7'62  per  cent,  , 
which  serum  albumen  forms  4'51  and  serum  globulin  8-10,  theglobul 
therefore  bearing  the  proportion  to  the  serine  of  1 : 1-51.     Wetl  co 
aiders  that  there  is  only  one  globulin  in  serum,  gerum  ghbuiin,  fibrm 
«iid   fibrinoplastin  being  merely   this  body  mixed  with  some   fibrin 
ferment. 

The  ter-alhumen  is  soluble  in  water,  and  is  precipitated  bv  boiling, 
coagulating  at  about  71°  in  the  presence  of  a  little  acetic  acid. 

The  paraghhulin  possibly  comes  from  the  colored  corpuscles 
(KOhnr)  and  is  precipitated  by  a  current  of  carbonic  acid  gas  passed 
through  the  scrum  diluted  with  ten  limes  its  volume  of  water.  ~ 
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The  aikali  albumen  is  thrown  down  by  the  addition  of  acetic  acid 
to  the  filtrate  after  the  separation  of  the  paraglobulin. 
Trace9  of  peptones  are  also  occasionally  met  with. 

The  Oases  of  the  Blood. — In  the  following  table  is  given  the  average 
of  a  series  of  experiments  (SchOffer,  Preyer,  PFLtGER,  Sczelkow, 
etc.)  with  the  blood  of  dogs  and  sheep,  the  results  being  calculated  in 
percentages  at  0°  and  760  mm. 

I.  Arterial  Blood. 

§ 

Total  Yolame  of  gas  disengaged  in  vacuo  -    49  per  cent. 

Nitrogen —    2*47 

Oxygen 15*65 

Free  carbonic  acid   -  3088 1 
Carbonic  acid  dis- 
engaged by  the 
action    of    acids 
in  vacvbo    .    .     .    -    3*12 
Making  a  total 


^   ^  3400 


55*12  per  cent. 


II.   Venous  Blood. 


Total  volume  of  gas  disengaged  in  vacuo  -  -  50*74  per  cent. 

Nitrogen -     1*38 

Oxygen -      9*36 

Free  carbonic  acid  -  -  40*00 


Carbonic  acid  dis- 
engaged by  the 
action    of    acids 
in  vacuo    ...  —    6*15 
Making  a  total 


46*15 


56*89  per  cent 


The  average  in  human  blood  at  0°  and   700  mm.  may  he  thus  stated 
(Foster)  : — 

Oxygeu.  Carbonic  acid.  Nitrogen.  • 

Arterial  blood     .     .  20  per  cent.  39  per  cent.        1  to  2  per  cent. 

Venous      "        .     .     8  to  12        "  46        "  1  "  2       •' 


Or  at  0°  and  \,i)i)0  mm.  (accordinjr  to  the  (rerman  method) — 


Oxygen. 

Carbonic  acid 

Arterial  blood     .    .     . 

.    .             16  per  cent. 

30  per  cent. 

Venous      "         .     . 

.    .    .    6  to  10        ** 

35       *' 

Thus  arterial  blood  contains  on  an  average  about  7  per  cent,  more  oxygen 
and  6  per  cent,  leas  carbonic  acid  gas  then  venous  blood. 

The  amount  of  oxygen  varies  according  to  the  number  of  colored  corpuscles 
— that  is,  to  the  quantity  of  hajmoglobin — in  the  blood,  and  depends  greatly 
on  the  region  of  the  body  from  which  it  is  taken :  for  example,  in  the  carotid 
artery  the  oxygen  is  present  in  the  proportion  of  21  per  cent. ;  in  the  renal 
artery,  19  per  cent. ;  in  the  renal  vein,  when  the  kidney  is  active,  17  per  cent., 
and  when  in  a  state  of  rest,  6  per  cent. ;  in  the  splenic  artery,  14  per  cent. ;  in 
the  splenic  vein,  when  the  spleen  is  active,  11  per  cent.,  and  when  at  rest,  4 
per  cent. ;  the  blood  of  the  femoral  jirtery  also,  when  compared  with  that  of 
the  carotid,  contains  nmch  less  oxygen.  Further,  the  state  of  the  health  and 
the  character  of  the  food  appear  to  affect  the  amount  and  character  of  the  gas 
considerably. 

The  oxygen  is  combined  with  the  hf^Tnoglobin,  with  the  exception  of  a 
slight  trace  that  is  in  a  state  of  solution ;  accordingly  corpuscle-holding  serum 
abeorbfi  5  times  as  much  oxygen  as  ordinary  serum.  100  grams  of  haamo- 
globin  crystals  dried  between  folds  of  blotting-paper  yield  41*3  c.c.  oxygen ;  and 
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after  having  been  dried  in  vacuo  at  0®,  31  -2  c.c.  100  grams  of  dried  and  deiixid —    - 
ized  hjemoglobin  removes  from  water,  saturated  with  oxygen  between  0*^  an(F^    -\ 
20°,  133  c.c.  oxygen  at  0°  and  1,000  mm.  pressure  (Preyer) — that  is,  1  granz^^ni 
can  eom])ine  with  about  1*3  c.c.  of  oxygen.     The  combination,  hotcever,  is  s^^.90 
loose  that  the  hjemoglobin  easily  parts  witli  its  oxygen  to  bodies  possessing  c^      a 
greater  affinity  for  it  than  the  haemoglobin  itself ;   it  can  therefore  be  com  -mr:^. 
pletely  extracted  in  vacuo  or  by  placing  tlie  blood  in   an  atinosphere  of  c^u'^ml  ^- 
bonic  oxide. 

As  to  the  carbonic  add  gas,  a  varying  but  prejsumably  a  small  pnjportioK- .^^^n 
is  in  a  state  of  solution,  while  tlie  rest  is  in  loose  combination,  associated  proL":^"«b- 
ably  with  some  salt  or  salts  in  the  serum,  the  condition  of  the  combinatio  ^  _*on 
appearing  to  })e  determined  in  some  way  by  the  action  of  a  constituent  of  thM-^TTie 
corpuscles.     The  serum  of  dog's  blood  contains  about  35*2  per  cent,  carbon^  .^izaic 
anhydride,  2-24:  per  cent,  nitrogen,  and  026  per  cent,  oxygen  (Pfluger    -^f=51). 
Witli  what  salt  exactly  the  carbonic  acid  is  combined  is  doubtful — wheth^  -^ner 
witli  soda  as  bicarbonate,  or  with  sodic  phosphate,  etc. ;  some  authorities  evc-^  ^en 
being  of  opinion  that  a  portion  of  the  gas  is  combined  with  the  eorpuscle^^  -es, 
and  the  rest  partly  in  a  state  of  combination  and  partly  in  a  state  of  soluticz^  Jon 
in  the  plasma. 

The  degree  of  pressure  has  a  considerable  effect  on  the  amount  of  gas  pn~  ^  "es- 
ent  in  the  blood,  particularly  the  quantity  of  oxygen,  as  a  reduction  of  tWI  :=:he 
j)ressure  to  half  an  atmosj)h(?re  is  said  to  reduce  the  oxygen  to  half  its  noniMi--*ual 
amount.  _ 

According  to  Bert  the  proportion  of  the  gases  in  the  arterial  blood  of        "  a 
dog  is — 

O.  COj.  N. 

At  1  atmosphere 202  371  1*8 

'*    5  atmospheres 237  35-5  6*7 

•'10  '^  24*7  37-9  9-8 

Ch<n)(jes  in   the  Blood,   Gases  in  Respiration. — 1.     The  blood  : ''^ 

passing  through  the  lungs  takes  up  8  to  12  vols,  per  cent,  of  oxygei— — ^> 
its  reduced  haemoglobin  is  thus  in  great  part  converted  into  oxyhaem" 
globin.     This  excess  of  oxygen  in  the  arterial  blood  is  given  up  to  tl 
interstitial  iiuids  of  the  body,  in  which  the  oxygen  tension  is  very  lo^ 
How  much  oxygen  is  present  in  the  residual  air  filling  the  air  cells 
the  lungs  it  Avould  be  difficult  to  say,  but  we  may  safely  assume  that 
does  not  full  btjlow  10  per  cent.     The  tension  of  oxygen  in  the  arteri 
bloo<l  is  about  4  per  cent,  and  in  the  venous  about  3  per  cent,  (in  tt — ^® 
arterial  blood  of  the  dog  its  average  is  3*9  per  cent.,  and  in  the  venous  2     '^^ 
per  cent.),  and  therefore  the  difference  in  tension  will  be  sufficient     '^^ 
lead  to  a  rapid  interchange  or  equalization  of  tension. 

2.  The  blood  having  become  charged  with  carbonic  acid  by  its  i 
terchanges  with  the  interstitial  fluid  of  the  tissues,  in  which  the 
bonic  acid  is  in  a  high  state  of  tension,  parts  with  its  excess  of  carborm  '^^ 
acid  at  the  lungs.     Whether  this  separation  is  more  than  a  simple  cam^^ 
of  diffusion  it  is  difficult  to  say,  but  the  tension  of  the  carbonic  acid  in  1 1^^ 
venous  blood  is  much  higher  (5*4  per  cent,  in  the  dog)  than  that  of  t-^^ 
carbonic  acid  in  the  residual  air. 

Some  assume  the  occurrence  of  a  temporary  increase  of  carbon/c 
acid  tension  in  the  lung,  resulting  from  the  action  of  the  corpuscles, 
the   pulmonary  epithelium    even  having  been  assumed  to  possess  sn 
eliminating  function. 
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Haw  the  Constitution  of  the  Blood  is  affected, — The  constitution 
and  characters  of  the  blood  are  modified  considerably  according  to  cir- 
cumstances.    Normal  influences  alone  will  here  be  considered. 


I.  (a)  Difference  between  ArUrkd  and  Venous  Blood  (GrORUP  Besaxez). 


Phrtlcial  characters  and 
cnemical  const itueou. 


Arterial  blood. 


VcDOus  blood. 


Temperature      .    .    .  i  alK)ut  \°  higher.  ,  lower. 

Color I  brighter,  and  not  dichroic.    darker  and  dichroic. 

Gases relatively  more  oxygen.         relatively  more  carbonic 


Water ■■  more. 

Fbrin 

Haemoglobin       .     .     .  less. 

Albumen no  constant  difference. 

Fats 

Extractives    ....  more. 

Urea less. 

Salts more. 

Sagar    


acid. 
!  less. 


i( 


ii 


more. 


less. 

more. 

less. 


Although  arterial  blood  luu*  proportionally  fewer  corpuscles  than  venous 
blood,  yet  those  of  arterial  blood  are  said  to  be  richer  in  coloring  matters 
and  salts,  but  poorer  in  fatty  matters  than  the  corpuscles  of  venous  blood 
(Lehmaxn). 

(.?)  Characteristics  of  Portal  and  Hepatic  Blood  (C.  Schmidt). 


Constituent:!. 


Portal  blood. 


Blood  of  hepatic  vein. 


Water more. 

Plasma      " 

Salts 

Fats       

Moist  corpuscles     .     .  less. 
I  Extractives    ....         " 

Fibrin I  present. 

Sugar I  a})sent,  or  only  in  traces. 


less. 

ti 


(t 


more. 


absent. 

at»nndant  (only  in  traces 
— Pavy). 


Acc*«)rding  to  Dhosdoff  in  portal  blood  there  is  more  luvnioglobin  and  sodic 
phasphat<>  and  less  cholesterin  an<l  lecithin  than  in  hejKitic  blood;  further,  in 
the  ]M>rtal  bUx»d  the  proportion  of  the  corpuscles  to  the  plasma  is  57— ()0  per 
cent,  to  40— 4H  jH^r  cent.,  while  in  the  hepatic  venous  blood  the  coq)uscles  fonu 
74  to  77  IHT  ct?nt.  and  the  ])lasnia  2!5  to  2()  per  c(Mit. 

Blood  of  the  j)ortal  vein  coagulates  more  ra]>idly  than  that  of  the  right 
ventricle^  and  its  serum  is  reddish ;  it  contains  more  water  and  serum  albumen, 
and  is  also  more  charged  with  fatty  bodies,  extractives,  and  salts  than  the  hhod 
of  the  jugular  vein. 

(;)  Splenic  Venous  mul  Placental  Blood. — The  splenic  venous  blood  con- 
tains more  water  and  fibrin  than  venous  blood  generally ;  its  red  corpuscles  are 
diminished  and  its  pale  cor])Uscles  increased,  and  it  is  comparatively  rich  in 
cholesterin.  T\\i*blf)od  of  the  fxt^il  placfnta  is  poor  in  fibrin  and  albumen, 
rice  in  idbuminates,  and  while  containing  less  solids  than  the  maternal  blood  it 
is  richer  in  urea. 
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II.  Influence  of  Sex  and  Age, 
(a)  Human  Blood  (Becquebel  and  Rodieb). 


Conslituentij. 


Water         

Solids  

Fibrin 

Haemoglobin 

Albumens        

Cholest^rin,  lecithin,  and  fats 

Extractives  and  salts  .     .     . 


MCD. 

Women 

77*90 

7910 

2210 

20-90 

0*22 

0-22 

13-45 

1217 

7-60 

7-60 

016 

016 

008 

0-74 

(;^)  Human  Blood  (Gorup  Bksanez). 


Constituents. 


Men. 


Women.        Children.       Old  age. 


less. 


Water 

Fibrin — 

Corpuscles more. 

Albumens less. 

Fats 

Extractives 

Salts 


more. 


less, 
more. 


less, 
more. 


more, 
less. 


more. 

it 

less. 


less, 
more. 


as 


The  .solids  in  the  blood  of  a  now-born  child  are  nearly  twice  as  great 
those  of  an  adult's  blood,  but  in  adult.s  the  ash  is  more  abundant  than  in  you 
animals. 

(y)   In  pregnancy  the  water  is  increased  and  the  corjmscles  dimini.shed ; 
the  ])eriod  of  jmiturition  there  is  only  abotit  11  ;>  per  cent,  corpuscles  inst 
of  K»5  percent.;  after  parturition  the  corjmscles  increase.     During  pregnan 
the  fibrin  is  increased,  especially  in  the  last  three  months  (0'85  to  (►'48 
cent.);  the  albumens  are  slightly  diminished,  and   the  fats  and  phosphorizc^^-^ 
bodies  increased. 

III.  Influence  of  Food  (CtORUP  BESAxfez). 


t 
d 

'V 
r 


Constituents. 

Water    .    .    . 
Fibrin    .    .    . 

Colortd  cor- 

Durinj< 
digestion. 

diminished, 
slightly  in- 
creased. 
increas^Ml. 

Continued 
hunger. 

t 
1 

increaietl. 
diminished. 

11 

Flesh  diet. 

diminished, 
increased. 

Vegetable 
diet. 

increased, 
diminished. 

Diet  rich 
!     in  fat. 

1 

Bread 
diet. 

DI 
in 

puscks. 
Pale  corpuscles 
Albumens 
Ext  motives    . 

Fats        .    .    . 
Salts       .    .    . 

(1 

it 

it 
«i 
ii 

increased. 

inrreaseil. 
increased. 

increaseil. 
diminished. 

increased, 
diminished. 

increased. 

— 

sugar  in- 
creased. 

1 
Inc 

As  to  the  hitmoqlohhi,  in  dngs  fed  with   a  rich   nitrogenous  flesh   diet  t 
mean  of  h;oniogl(»bin  —  KVT5  ]>er   cent.;  in  dogs  led  with  a  non-nitrogi»noi 
diet  the  mean  of  luenioglobin  —    IJ.")  per  cent.;  and  in  dogs  fed  with  bread  t 
mean  of  hjeni<»glol>in  r  -  !»i  to  lO-.'Jpcr  cent.     An  increase  in  the  ha>moglobi 
ha.s  also  been  noticed  in  human  bhjod  whh  an  improved  dietary  (  Leichtkxsteix 

During  digestion  the  constitution  of  the  blood  changes  sensibly.     I'nd 
alimentation  the  number  of  pale  corpuscles  increases  greatly,  and  from  1 
corpuscle  to  l.'yiH)  red  the  proj»ortion  may  rise  to  1  to  'MH)  or  5(Kl. 
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After  much  fat  has  been  absorbed  the  serum  of  the  bl(K)d  may  become 
milky.  With  abundant  food  of  <rood  (juaUty  the  blood  is  generally  enriched 
in  solids;  an  a/tmi«/ r//V/ diminishiu*^  its  water  and  increasing  its  fibrin,  ex- 
tractives, and  salts,  j)articularly  its  j>hosphates  and  potash ;  a  vegetable  diet  in- 
creasing its  water,  serine,  fats,  and  sugar,  but  diminishing  its  fibrin,  extractives, 
and  salts,  caasing  a  pre<iominanc(»,  howevcir,  in  the  salts  of  lime  and  magnesia. 
Insufficient  food  impoverishes  the  solids  as  well  as  the  total  mass  of  the  blood. 
A  deficiency  of  common  salt  causes  the  haemoglobin  to  extra vasate  into  the 
serum,  and  renders  it  less  able  to  absorb  oxygen  ( PoutiiALK).  When  taken  in 
excess  it  tends  to  accumulate  in  the  blood. 


CHAPTER  U. 
hj:moglobin. 

HJEMOOLOBIN    (Haemato-globulin,    Haemato-crystalliii,    Cmorm, 
Erythrocmorin). — This  is  the  crystalline  indiffusible  substance  which 

forms  the  bulk  of  the  solids  of  the  colored  corpuscles.     It  possesses  a 

very  complex  constitution,  and  its  ))ercentage  composition  (in  the  horse) 

is — 

C       53-85-54-87 

H         7-32-  6-97 

Fe         0-43-  0-47 


X  1(317-17  31 
O  2184-1973 
S         0-39-  0-65 


Preyer  has  assigned  this  formula  to  it:  Cfi^Hj^Nj.^FeSjOi;^. 
Assuming  that  one  molecule  of  haemoglobin  unites  with  one  molecule  of 
oxygen,  the  molecular  weight  of  haemoglobin  would  be  14,188,  which 
would  agree  well  with  HOfner's  formula,  CgggHioasNi^FeSaOigg. 

Preparation. — The  hjemoglobin  can  be  separated  from  the  corpuscles  by 
any  means  tending  to*their  dissolution,  as  addition  of  water  to  the  blood,  the 
passage  through  it  first  of  a  current  of  oxygen  and  then  of  carbonic  acid,  freez- 
ing and  subsequent  thawing  several  times  repeated,  electrical  discharges, 
agitation  of  the  blood  with  ether,  and  the  addition  to  the  blood  of  certain  salts 
or  of  crystallized  bile.  By  any  of  these  processes  the  blood  is  rendered  trans- 
parent or  laky. 

Haemoglobin  crystals  are  obtained  with  difficulty  from  human  blood,  but 
more  readily  from  that  of  the  guinea  pig,  dog,  or  rat.  Different  methods  are 
given,  many  of  which  the  author  has  found  eff*ective,  some  more  so,  however, 
than  others;  but,  as  much  depends  on  circumstances,  one  method  being  more 
convenient  at  one  time  than  another,  several  processes  will  be  detailed.  .  With 
the  blood  of  rats,  guinea  pigs,  and  dogs  there  is  generally  no  difficulty,  and  in 
the  winter  season  the  crystals  are  obtained  more  readily  than  in  summer. 

To  Obtain  the  Crystals  in  Small  Amount. — 1.  Defibrinate  some  guinea 
pig's  blood;  (a)  add  to  one- third  of  the  defibrinated  blood  a  few  drops  of  ether, 
shake  well  and  lay  aside  in  a  freezing  mixture;  (b)  mix  another  third  with  one- 
third  its  volume  of  water,  add  a  few  drops  of  chloroform,  shake  vigorously  for 
a  minute  or  two,  then  place  a  drop  upon  a  slide  and  expose  to  the  air  some  time 
before  covering;  (c)  place  the  remaining  third  in  a  thin  porcelain  or  platinum 
eapeule,  mix  it  with  an  equal  volume  of  cold  water,  then  add  to  the  mix- 
ture one-quarter  its  volume  of  alcohol,  and  immerse  the  capsule  in  a  freezing 
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mixture.  Aflcr  24  hours  the  crystals  are  collected  on  a  filter,  redissolved  in  a& 
little  water  as  possible  at  25°  or  30°,  alcohol  added  to  the  solution,  and  the 
whole  transferred  to  a  freezing  mixture,  when  crystallization  will  soon  occur. 
By  proceeding  in  this  way  with  moderate  care  crystals  will  easily  be  obtained. 

2.  Kill  a  white  rat  or  mouse  by  inhalation  of  ether,  place  a  drop  of  the- 
blood,  particularly  that  of  the  splenic  vein,  on  a  slide,  and  after  having  exposed- 


it  to  the  air  for  a  few  seconds  mix  it  with  a  couple  of  drops  of  water ;  allow  i 
to  evaporate  for  a  few  minutes,  breathing  several  times  upon  it,  and  then  apply 
a  cover  glass :  crystals  will  soon  appear.     Still  larger  and  better  crystals  wil 
make  their  appearance  if  the  cover  glass  is  surrounded  with  a  strong  solutio 
of  pyrogallic  acid  and  laid  aside  for  four  or  five  hours. 

A  larger  crop  of  crystals  will  be  obtained  by  treating  the  rat's  blood  as  in  1  c 

3.  Large  crystals  can  bcj  obtained  for  microscopic  examination  by  enclosin 
in  capillary  tubes  some  defibrinated  dog's  blood  that  has  been  exposed  to  th 
air,  laying  these  tubes  aside  several  days  at  about  37°,  and  then  allowin 
evaporation  of  their  contents  to  take  place  on  slides  (Gscheidlen). 

Oil  a  larger  scale  the  hemoglobin  can  he  obtained  by  one  of  the  methmh 
that  follow: — 1.  500  c.c.  defibrinated  dog's  blood  are  shaken  some 
with  31  c  c.  of  ether,  and  then  set  aside  in  a  cool  place,  or  better  in  ice.    Afte 
two  or  three  days  a  mass  of  crystals  will  have  formed,  which  are  best 
by  the  use  of  a  centrifugal  machine.     They  are  next  treated  in  a  flask  wit 
dilute  spirit.     After  the  flask  has  stood  for  some  hours  the  blood  will  bav< 
solidified,  and  red  crystalline  needles  will  easily  be  seen  by  examining  a  little  o 
the  red  mass  under  the  microscope  (Kuiine). 

In  the  absence  of  a  centrifugal  machine  the  crystalline  mass  can  be  spreadK^-d 
out  on  a  piece  of  porous  earthenware,  and  placed  under  the  exhausted  receive 
of  an  air  pump.     Digest  the  mass  now  in  luke-warm  water,  and  precipitate  witi 
alcohol. 

Or  the  crystalline  mass  is  diluted  with  an  equal  volume  of  a  mixture  of  1 
part  i)f  alcohol  (DO  per  cent.)  and  4  parts  of  distilled  water.     Filter  through-*"^"^ 
calico,  and  then  place  the  soft  h;emuglobin  on  a  porous  tile  in  a  current  of  col 
air  (  Bi  RDON  Sanderson). 

To  obtain  a  permanent  microscopic  preparation  a  little  of  the  crystallin 
mass  may  be  rapidly  spread  out  with  needles  on  a  warmed  slide,  and  the 
covered;  or  else  treated  successively  with  absolute  alcohol  and  spirits  of  turpcn —  ^" 
tine,  and  mounted  in  Canada  balsam.  They  may  likewise  be  mounted  in*— *^  ^ 
potassic  bichromate  ( 2  per  cent.),  or,  before  applying  the  cover  glass,  allow  the^E^  -*® 
drop  to  dry  completely,  then  add  daniar  varnish  and  cover  in  the  usual  way.^  ~""^' 

2.  Let  dog's  blood  coagulate,  divide  the  clot,  express  it  through  linen,  and^^^  " 
add  to  the  expressed  fluid  sonn^  solution  of  crystallized  bile  in  water  (1  to  3).^  ^  )* 
Filter  at  the  end  of  24  hours,  and  add  to  the  filtrate  one-fifth  its  volume  of  al^ —  a 
cohol.  Lay  aside  in  a  cool  ])lace  and  wash  the  collected  crystals  in  weak  ancK^-^  ^ 
then  in  strong  alcohol  (Ki:HNE). 

3.  Defibrinated  blood  of  hoi*se  is  mixed  with  10  volumes  of  sodium  chloride^:-*^  ^^ 
solution  (2  per  cent. )  and  laid  aside  in  a  cool  place.  In  two  days  the  cl 
supernatant  li<(uid  is  decanted,  and  to  the  thick  red  deposit  left  behind  a  littl 
water  is  added,  and  the  whole  then  transferred  to  a  flask.  Here  it  is  shaken^'"^  ^ 
up  for  some  time  with  an  (Mjual  volume  of  ether,  when  the  globules  dissolve^ 
the  ether  is  decanted  after  standing,  and  the  hiked  blood  filtered  and  treate 
with  quarter  its  volume  of  alcohol  at  0°.  It  is  to  st^ind  aside  in  a  freezing  mix — 
ture  for  several  days,  when  crystals  of  hjemoglobin  can  be  separated  by  filtratio 
(IIoppE  Seyler  ). 

4.  Defibrinated  horse's  blo(>d  is  laid  aside  in  a  tall  cylinder;  after  some  tim 
the  serum  is  removed  with  a  pipette,  and  the  mass  of  corpuscles  transferred  witkr 
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the  addition  of  a  little  water  to  a  flask,  where  some  ether  is  to  be  added  to  it, 
the  flask  well  shaken  and  then  set  aside.  In  a  few  hours  pour  ofl"  the  layer  of 
ether,  and  treat  the  mass  again  with  more  ether  exactly  in  the  same  way.  The 
watery  residue  is  next  thrown  upon  a  plaited  filter,  and  the  filtrate  collected  in 
a  cylinder  surrounded  by  ice.  To  this  about  one-fourth  its  volume  of  alcohol 
(80  per  cent.)  that  has  been  cooled  down  to  0^  is  added,  and  the  mixture 
Uioronghly  shaken  in  a  large  flask,  which  is  afterwards  inserted  from  24  to  48 
hours  in  a  freezing  mixture  of  ice  and  salt.  The  crystals  that  separate  are  to 
be  collected  on  a  cooled  filter,  rapidly  washed  several  times  with  a  cooled  mix- 
ture of  spirit  (1)  and  water  (4),  and  then  squeezed  gently  to  express  as  much 
fluid  as  possible.  To  purify  the  crystals  dissolve  them  in  a  little  water  at  30° 
to  40°  over  a  water  bath,  filter  rapidly  into  a  cooled  cylinder,  add  of  alcohol  a 
quarter  the  volume  of  the  filtrate,  and  repeat  the  process  detailed  above. 

The  temperature  all  the  time,  except  when  the  mass  is  being  dissolved  over 
the  water  bath,  must  not  be  allowed  to  rise  above  0° ;  otherwise  some  of  the 
hsemoglobin  will  be  lost;  and  accordingly  the  process  is  best  performed  in  cold 
weather. 

5.  From  Clot. — The  blood  is  allowed  to  coagulate,  and  then  kept  for  24 
hours  in  a  cool  place,  when  it  is  to  be  dried,  washed  with  ice-cold  water,  cut 
into  little  bits,  and  again  washed  with  iced  water;  now  allow  it  to  freeze  inside 
a  freezing  mixture,  next  rub  it  up  in  a  shallow  mortar,  and  transfer  the  pow- 
der to  a  filter,  where  it  is  to  be  washed  with  water  at  0°  until  the  filtrate  gives 
no  precipitate  with  mercuric  chloride.  Now  extract  the  mass  with  water  at  80° 
to  40°,  and  collect  the  filtrate  in  an  ice-cooled  cylinder.  After  having  ascer- 
tained with  a  small  specimen  of  the  filtrate  how  much  spirit  can  be  added 
without  a  precipitate  occurring,  mix  with  the  rest  of  the  filtrate  the  esti- 
mated quantity  of  spirit,  and  lay  the  mixture  aside  in  a  cool  place.  When 
the  crystals  separate  they  are  to  be  washed  with  water  at  0°,  to  which  a 
little  spirit  is  to  be  added  at  first,  until  the  washings  give  no  precipitate  with 
mercuric  chloride,  silver  nitrate,  or  plumbic  acetate.  The  washing  had  best 
be  done  by  decantation,  and  the  washed  mass  is  left  to  crystallize  in  a  freez- 
ing mixture. 

It  is  sometimes  possible  to  obtain  crystals  by  leaving  tin;  clotted  blood  in  a 
cool  place  for  two  or  three  days,  and  to  a  little  of  the  fluid  s(|ueezed  from  it 
adding  a  drop  or  two  of  water;  drops  of  this  mixture  are  ])laeed  on  slides, 
covered,  and  examined  in  a  few  hours. 

Properties. — Iljvmoglobin  is  capable  of  existing  in  two  states  of  oxi- 
dation, as  oxyh«?moglobin  and  as  haMuoglobin  or  reduced  hannoglobin, 
as  it  is  sometimes  termed.  These  two  are  distinguished  by  their  color 
and  their  absorption  8))ectra,  the  oxyhivmoglobin  solutions  being  of  a 
bright  scarlet,  and  giving  two  al)8or))tion  bands  in  the  sj)ectruni  between 
D  and  E,  and  the  reduced  htvmoglo])in  solutions  being  of  a  much  darker 
purple  tint,  and  giving  only  one  broad  absori)tion  band  between  D  and 
E  in  the  spectrum.  By  means  of  oxidizing  and  reducing  agents  the  one 
body  can  readily  be  converted  into  the  other  (Stokks).  The  reduced 
haemoglobin,  however,  is  not  crystalline. 

Oxyhjvmoglobin  is  the  only  well-known  j)roteid  that  readily  assumes 
the  crystalline  form. 

Hjemoglobin  is  insoluble  in  absolute  alcohol,  ether,  chloroform,  and 
benzole;  readily  soluble  in  water,  j^articularly  hjvmoglobin  of  the  blood 
of  birds,  but  that  of  guinea  j)igs,  Sijuirrels,  and  rats  is  much  less  soluble; 
it  is  soluble  also  in  alkaline  solutions. 
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Its  solutions  do  not  diffuse  through  vegetable  parchment,  and  are 
easily  decomposed  by  exposure  to  the  air,  and  will  not  therefore  keep 
well ;  also  decomposed  by  boiling,  coagulation  occurring  with  separation 
of  albumen  at  about  64°  to  68°.  Even  in  the  dry  state  it  is  likewise 
very  liable  to  decompose ;  only  its  solutions  in  dilute  alkalies  containing 
a  little  albumen  can  be  preserved  for  even  a  short  time. 

It  plays  the  rdle  of  a  weak  acid,  its  watery  solutions  having  a  feeble 
acid  reaction,  and  accordingly  its  very  dilute  alkaline  solutions  possess 
considerable  stability.  Its  strong  affinity  for  oxygen  has  already  been 
referred  to. 

Hcemoglohin  solutions  are  precipitated  by  alcohol,  acetic  acid,  the 
mineral  acids,  mercuric  nitrate,  and  potassic  ferrocyanide ;  mercuric 
chloride  gives  a  dirty  grayish  red  precipitate,  and  silver  nitrate  a  brown 
solution ;  it  likewise  gives  the  protein  reactions.  The  acids,  as  well  as 
alcohol,  while  precipitating  also  decomi)Ose  it. 

Ha'tnoglobin  Crystals. — Although  haemoglobin  is  a  colloid,  it  crys — 
tallizes  in  all  vertebrates,  but  in  some  more  readily  than  in  others 
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1  I«i.  r.». — CUY^rvl^  OF    II.KMiK.LiHUN. 

«/,  i)riMM!iti«-  aii«l  rhomhii-,  I'lom  Imiuan  hhwHl — MHiH'wiiat  similar  in  hare's  blood  ; 
A),  irregular  rhoinliic  tttraluKlra,  IVom  MoikI  of  ^niiiu'a  jiijr;  r,  j»lx-«id«l  tables 
from  MikmI  of  moiisi' — sonnwhal  >imilar  in  tin*  s<iuirn'l;  d,  lu^fUeH  fromi  lark's 
bloo<l;  ^,/,  rloiigatetl  four-subil  int'<lk'>,  from  I)I«mhI  of  rat  ami  dog. 

these  crystals  are  formed  with  great  difficulty  from  the  blood  of  tb 
pig,  ox,  or  frog,  witli  some  diiriculty  from  the  blood  of  sheep,  me 
rabbits,  etc.,  easily  from  that  of  the  dog  or  cat,  and  very  easily  fro 
that  of  the  guinea  pig  or  rat. 

These  crystals  belong  mostly  to  the  rhombic  system,  forming  Ion 
four-sided  prisms  in  dogs,  tetrahedra  in  guinea  pigs,  and  rhombl 
tables  and  j)risms  in  man  and  the  horse. 

It  is  stilted  by  II.  Stiuive  thiit  freshly  prepared  blood  crystals  which  hav 
been  rendered  insoluble  by  treiituient  with  alcohol  are  decolorized  by  ammoDL 
or  chlorine  watt?r  without  undergoing  any  change  in  their  crystalline  fo 
Hence  he  concludes  that  the  blood  crystals  consist  essentially  of  globuliQ  niiz< 
with  a  minute  (juantity  of  the  red  coloring  matter  of  the  blood. 
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H.KMOUI.OniX.  L'Oa 

Morption  spectra.— Diluted  !irlt'i'i;tl  Mnoil  or  ti  (lilLiti'  S'llution  of 
oxyhiemoglobia  gives  a  double  absorpiiuii  band  liL'tw(.vQ'i>  luid  k,  a. 
eofatioti  containing  even  0-05 
milligram  dissolved  in  5  c.e.  water 
showing  the  two  stripes.  Of 
these  two  tlio  narrow  one  to- 
wards D  is  the  more  intense,  and 
is  the  only  one  visible  in  very 
dilute  solutions. 

Reduced  hjpmoglobin  gives 
but  onr  hroad  and  comparatively 
faint  bund,  that  is  darkest  in  a 
position  intermediate  to  the  sit- 
uation of  the  oxyhiL'iDoglobiiL 
stripes,  but  extending  also  in  a 
less  intense  form  a  little  to  the 
red  side  of  d. 

OrdinaiT    diluti?d     venous  '* 
blood,  will  also  give  the  two  bands     j  Aulaiine  wiiiiiii.ji    > 
of  oxyhemoglobin,  showing  that     K"''!"*"*^'''.'",'' 
there  is  still  a  large  amount  oi     «ui  »uiuii.,n  on  l.,,. 
this   Ijodj  contained   in   venous     {SndioihB*L-«™lit'('ii-(ir  .r  n.. 
blood;    and  as  those  are   much     ir,'"*^uTi™'iJi^''i*Tcii!Mf!''^''''' 
more  distinct  than  the  faint  band 

likewise   faintly   visible   and   due   to   the   large   amount   i 
biemoglobin  present,  the  latter  in  not  easily  recognized. 

Besides  giving  the  absor^ition  bands,  part  of  the  rest  of  the  spectrum 
ia  abut  out;  thus  with  moderately  dilute  solutions  of  oxyhemoglobin 
part  of  the  red  end  of  the  spectrum  is  absorbed,  and  a  larger  part  of 
the  blue  end;  with  the  rethiced  haemoglobin,  on  the  other  hand,  less 
of  the  blue  end  is  absorbed  and  more  of  the  green. 

Carbonic  oxide  exactly  displaces  all  the  oxygen  in  defibrinated 
blood  (Bbrnakd),  taking  the  place  of  the  oxygen  in  the  hsemoglobin. 
The  new  compound  crystallizes  like  oxyhiemoglobin.  Blood  so  treated 
gives  two  absorption  bands  like  tboseof  oxyhiemoglobin,but  tbe  reduction 
hand  cannot  be  obtained  with  this  blood  by  means  of  reducing  agents 
like  carbonic  anhydride,  etc.,  on  account  of  the  greater  stability  of  the 
carltonic  oxide  hiemoglobin,  A  slight  excess  of  soda  also  brightens 
blood  containing  carbonic  oxide,  while  it  darkens  normal  blood. 

Citric  ami  nitrous  oxide  also  unite  with  Ljerooglobin,  and  with 
tulphuretted  hydrogen  a  sulphur  ronibimition  of  ha:-moglobin  is  formed. 

Derivativei.— Oxyhremoglobin  is  decomposed  by  dilute  acids  or 
alkalies,  or  by  tbe  action  of  heat,  into  a  proteid,  ylubin  or  globulin,  and 
a  ferruginons  pigment,  h<rmatin,  of  which  about  4  per  cent,  is  obtained 
for  aljout  96  per  cent,  of  tbe  globulin  bodies. 


reduced 


S.  watery  solution  nf  oxybmuioglobtn  soon  chi 
a  new  bi»dy,  methctmuglobin,  which  ia  said  to  be 
ind  in  ilie  blixid  alVr  the  iuhalaiiun  of  ainyl  niti 
freshly  prepared  pota^^^ic  pcrmaiigiinale  soliitioi 
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methscmoglobin,  and  later  hsematiD,  are  obtained ;  nitrites  act  similarly.  In- 
deed, oxidizing  substances  are  said  to  change  oxjhsemoglobiD  first  of  all  into 
methaemoglobin.  This  body,  about  which  some  doubt  exists,  is  said  to  be 
soluble  in  water,  but  insoluble  in  alcohol  and  ether;  it  is  split  into  hsematin 
and  an  albuminous  body  by  acids  and  alkalies,  and  gives  an  absorption  band  in 
the  red  between  c  and  D.  This  body  was  first  described  by  Hoppe  Setler, 
but  he  afterwards  regarded  it  merely  as  an  intermediate  stage  in  the  decompo- 
sition of  hajmoglobin  into  htematin  and  proteids.  JXderholm,  however, 
regards  it  as  existing  as  a  definite  body,  ^l  peroxyhs^moglohin  which  in  an  alka- 
line solution  exhibits  three  bands  in  the  spectrum. 

A  solution  of  oxyha3mo<j:lobin  heated  to  100°  decomposes,  and  a  red  pre- 
cipitate occurs,  ill  which  hstmochromogen  is  described  as  present;  and  by 
treating  reduced  ha3moglobin  with  acids  or  alkalies  in  the  absence  of  oxygen 
it  is  also  obtained  (this  corresponds  to  the  reduced  hsbmatin  of  Stokes); 
further,  when  decomposed  with  dilute  oxalic  acid,  beside  the  albumen  precipi- 
tate thrown  down,  hsematojwrphyrin  is  formed  (HoPPE  Seyler). 

Proportion  of  Htemoglohin  present  in  Blood. — Haemoglobin  ma^ 
be  said  to  form  a  little  more  than  12  per  cent,  of  the  blood,  and  abou 
^  of  the  solid  constituents  of  the  corpuscles.     Taking  the  proportioi 

present  in  a  new-born  child  as  100,  the  following  numbers  (Leichten ^- 

stein)  will  express  the  proportions  present  later  in  life : — 

i  to    5  years  —  ^  55  per  cent. 

5  "  15  ''  ^  58 
15  "  25  "  --64 
25  "  45      "  72 

45  "  60      "      ^  63 

The  Wood  of  the  new-born,  we  see,  is  therefore  richer  in  hgemo  ■^">' 
globin  than  that  of  the  adult.  The  proportion  is  somewhat  greater^ ^^^ 
in  men  than  in  women:  men,  a  mean  of  13*58  per  cent.;  women,  2^^-  * 
mean  of  12<>8  per  c-ent. 

Assuming  the  average  proportion  of  lii\?moglobin  present  in  mam —  -^*?" 
malian  blood  generally  to  be  0-4  per  cent.,  in  birds  the  proportion  i^-^  ^^ 
7*8,  in  reptiles  4-8,  in  amphibia  'J-D,  and  in  fish  3*6. 

Ac-conlini:  to  Bkkt  the  blood  of  herbivorous  animals  acclimatizefc^-''^^ 
at  a  lii^li  elevation  is  richer  in  oxviiren  than  the  blood  of  similar  am-  M  ^^^' 
mals  inhabiting  lands  near  the  sea  level,  100  c.c.  of  the  blood  in  th^  .^rue 
former  case  containing  ir>-2  to  21<)  c.c.  oxygen,  and  in  the  latter  onlji^'v 
10  to  11  c.c. 

In  arterial  blood  the  hiemoglobin  is  nearly  all  in  the  state  of  oxy  ^^^.J' 
haemoglo])in,  while  in  venous  blood  most  of  it  is  in  the  reduced  condi  M  Mil- 
tion.  The  IjJood  of  a  corpse  only  contains  reduced  hiemoglobin  a  ver^^-*''}' 
short  time  after  death.  In  animals  completely  deprived  of  air  th*- -^^*^ 
hjemoglol»in  loses  its  oxygen  in  less  than  a  minute,  owing  probably  t»^^  ^^ 
the  rapid  consumption  of  the  gas  by  the  tissues. 

Test,, 

I.  Ozone  Test  for  Hannoglohin, — This  serves  also  as  a  test  fc^::^  ^^ 
blood.  Oil  of  turpentine  long  exposed  to  air  contains  ozone.  If  t*^  ^^ 
some  of  this  fluid  we  add  a  little  freshly  prepared  alcoholic  solution  ^  ^^ 
guaiacum   resin  (taken  from  the  middle  of  a  large  lump),  and  then        —  * 
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Irop  of  blood,  and  shake,  a  dark  blue  color  results.  The  haemoglobin 
icts  as  an  ozone-carrier  to  the  resin,  but  it  probably  also  serves  as  an 
)zone-former.  Some  of  the  guaiacum  solution  should  be  allowed  to 
Iry  on  filter  paper,  and  a  few  drops  of  blood  that  has  been  diluted  20 
;ime8  or  so  allowed  to  fall  on  it,  when  the  blue  reaction  will  appear  at 
;he  margins  of  the  drop.  According  to  PflCger  the  oxygen  is  not 
converted  into  ozone  by  the  haemoglobin,  the  guaiacum  reaction  being 
entirely  due  to  decomposition  of  the  haemoglobin. 

This  test  can  be  applied  to  a  dried  blood  stain.  The  stain  is  mois- 
tened, and  then  after  a  time  washed  in  a  little  water.  To  the  decanted 
liquid  add  a  few  drops  of  freshly  prepared  tincture  of  guaiacum  and  a 
little  ozonized  ether;  the  mixture  immediately  assumes  a  blue  or  green- 
ish blue  tint. 

II.  Absf/rption  Spectra  of  Hannoglobin. — 1.  Some  drops  of  blood 
or  of  a  dilute  solution  of  haemoglobin  are  added  to  a  small  test  tube 
Dearly  filled  with  water.  This  is  then  brought  in  front  of  the  slit  of 
an  ordinary  spectroscope,  and  examined  with  bright  daylight  or  by 
means  of  a  good  lamp.  With  a  microspectroscope,  such  as  that  of 
Browning  or  Zeiss,  the  bands  can  be  still  better  seen.  A  vascular 
membrane  such  as  the  web  of  a  frog's  foot  or  the  tongue  of  the  same 
animal  may  be  employed  to  show  the  spectrum  of  living  blood. 

These  two  bands  in  the  yellow  and  the  green,  between  d  and  E, 
have  already  been  referred  to,  and  are  characteristic  of  oxyhaemoglobin ; 
they  are  visible  in  a  layer  one  centimetre  thick  of  a  solution  contain- 
ing j^  per  cent. 

2,  Treat  the  blood  or  hj«moglobin  solution  with  a  reducing  agent, 
such  as  some  drops  of  ammonium  sulphide  or  of  an  ammoniacal  solu- 
tion of  stannous  or  ferrous  tartrate,  prepared  by  dissolving  ferrous  sul- 
phate or  stannous  chloride  in  water,  and  then  adding  in  succession  a 
little  tartaric  acid  and  excess  of  ammonia;  as  the  result  the  two  stripes 
disappear,  and  the  single  broad  bund  of  reduced  haemoglobin  takes 
their  place,  the  darkest  point  occupying  the  interval  between  the  posi- 
tion of  the  two  preceding  bands,  but  its  lighter  margins  extending 
considerably  on  each  side. 

3.  Shake  up  some  defibrinated  blood  with  carbonic  oxide  in  a  test 
tube,  and  examine  spcctroscopically ;  two  bands  will  also  be  seen,  but 
situated  a  little  more  to  the  right  than  those  of  oxyhaemoglobin. 

Allow  a  moderately  dilute  solution  of  haemoglobin  to  stand  for 
some  time,  and  it  will  attain  a  brownish  tint  and  an  acid  reaction ;  it 
also  becomes  precipitable  by  acetate  of  lead,  which  does  not  throw 
down  haemoglobin ;  and  it  gives  an  absorj)tion  band  in  the  red  between 
c  and  D. 

If  to  a  dilute  solution  of  blood  a  crystal  of  pure  potassic  perman- 
ganate is  added,  and  the  solution  then  examined  with  the  spectroscope, 
a  band  will  be  seen  in  the  orange,  and  a  second  in  the  position  of  the 
broader  oxyhaemoglobin  band,  and  a  third  between  e  and  F.  This  is 
stated  to  be  due  to  the  presence  of  methaemoglobin. 

III.  Additional  Properties, — 1.  If  a  watery  solution  of  haemo- 
globin is  boiled  it  will  be  decomposed  into  albumen  and  haematin,  a 
brownish  red  coagulum  separating.  The  same  decomposition  is  effected 
by  the  use  of  strong  acids  or  alkalies. 
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2.  A  drop  of  blood  or  a  piece  of  rag  that  has  been  stained  with  it 
is  to  be  placed  in  a  test  tube  and  shaken  up  with  a  little  distilled 
water  after  having  soaked  for  upwards  of  an  hour.  A  few  drops  of 
ammonia  are  then  added,  the*  color  being  unaffected  thereby,  and  the 
solution  boiled :  a  turbidity  will  be  produced,  of  a  dirty  gray  color ;  on 
the  addition  of  a  drop  or  two  of  caustic  potash  the  turbidity  will  dis- 
appear, and  the  solution  will  be  green  by  transmitted  and  red  by  re- 
flected light. 


CHAPTER  III. 

ESTIMATION  OF  HAEMOGLOBIN. 

Tins  is  effected  (1)  by  the  estimation  of  its  iron,  (2)  by  titrationM^ar^^t^ 
of  the  blood  with  sodic  hyposulphite,  (3)  by  shaking  the  blood  with-^JcJ^t^ 
carbonic  oxide,  etc.,  (4)  by  the  comparison  of  a  very  diluted  blood  with«ict"ith 
a  solution  of  blood  or  haemoglobin  of  known  strength,  and  (5)  by^^^odfbj 
means  of  the  spectroscope.  The  estimation  from  the  amount  of  iroiM3t<z^"on 
contained  is  very  troublesome,  and  extremely  liable  to  error  unlesa^t^au^^ss 
great  care  is  taken.  It  will  not,  therefore,  be  referred  to  here,  hnt^MM^^^^ 
only  the  comparisons  of  color  and  spectroscopic  methods  will  he^<^  ^ 
detailed. 

I. —  The  Volumetric  Color  Method, — Here  the  determination  is  made  by^^^J^  by 
a  comparison  of  the  tinte  of  a  blood  solution  and  of  a  standard  solution  oft'0>  of 
hsemoii'lobin.  or  of  a  standard  colored  substitute. 

(a)  After  Hc>i>T'K  8kylkr. — Pn^pare  haemoglobin  in  the  winter  from  dogiBi  "^^s 
or  guinea  pig  s  blood,  ])urify  it  by  recrystillizatiou,  dissolve  it  in  water  0°,  andfc>-^^"*'id 
filter.  To  ascertain  the  strength  of  the  solution,  evaporate  20  c.e.  at  110°^  *^^  ^-^°) 
and  weigh  the  residue  over  sulphuric  acid.  The  standard  solutions  are  to  b€S^<^  be 
kept  in  sealed  tubes. 

20  grams  of  the  defibrinated  ])lood  to  ])e  testc'd  are  made  up  to  400  c.e. 

Process. — Take  two  small  vessels  with  jnirallel  walls  1  centimetre  apart^  -'^  *^? 
into  the  one  pour  10  c.e.  of  the  h:i3nioglobin  solution,  and  dilute  it  with  60  c.c-  "^^^  -  '•^• 
water;  and  into  the  other  10  c.c.  of  the  blood  solution.  The  two  little  vcs — fe5»^?i-»^- 
sels  are  then  to  be  j)lace(I  side  by  side  upon  white  paper,  and  their  depth  of^*^^  *^* 
color  observed;  di.stilled  water  is  next  to  be  added  to  the  blood  solution  bi 
means  of  a  graduated  j»ipette  until  it  acquires  (exactly  the  same  tint  as  th( 
haemoglobin  solution.  AVhen  the  two  colors  are  indentical  we  note  thenum — - 
her  of  c.e.  (»f  water  which  have  been  required.  The  experiment  should  be  r'" — --^♦'"^ 
peated,  diluting  the  10  c.c.  of  hajnioglobin  solution  with  80  or  100  c.c.  of  wat 
instead  of  GO  c.c. 

Let  us  suppose  now  that  the  normal  solution  of   haemoglobin  cont 
0*00145  gram  ha[?moglobin  in  each  c.c.,  and  that  it  requires  an  addition  of 
c.c.  water  to  the  10  c.c.  of  the  diluted  blood  to  obtain  the  simie  depth  of  color^^^^^*^^ 
as  that  of  the  standard  haemoglobin  solution ;  then 

10  :  10  +  38  =  400  :  X  =  1920. 

That  is,  the  400  c.c.  of  blood  solution  must  be  diluted  to  1,920  c.c.  to  attained  ^^ 
the  tint  of  the  standard  haemoglobin,  and,  as  1  c.e.  of  this  contains  0'00145^^  ^^ 
gram  haemoglobin — 

1  :  000145  =  1920  :  x  =-  2784. 
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^hr  dJIutt-U  bluiiii  will  Hccordingly  conlain  2'7S4  graius.  nntl  t.|it>rcr'ir(.-  tlie  deG-     ' 
fciniiu^  hlw-d  —  2-784  X  B  =  13-920  per  cent,  hwuiosrlobm,  1 

lb)  As  iho  Htundnrd  wlutioD  of  htcmiuflobiD  in  both  liwiblesoxuf  (o  make 
und  kut-ps  bfwll^,  it  is  luore  coiivMiieiit  to  use  as  our  Btantkrd  i)f  oiiupnri»)D  a 
solution  iif  ftirmiDc  i>r  pitTooanniiie  to  whioh  n  little  phenol  and  f;lvcerin  have 
bc«n  nddi-d;  this  is  uraduiiteii  by  n]nji)[uisiJii  with  a  standard  haiiiuj'lobin 
sointioii.  Tlip  i-olcire*!  s<)lution  is  readily  prejjared  by  dissolving  1  ^un  pure 
caniiini;  in  u  little  wali.-r  and  amini>iiin  will)  tbfi  aid  of  heat,  adding  the  sotutina 
to  1 00  e.e.  of  a  iHiiling  salnratinl  milution  of  pieric  acid,  evaporatJTig  to  dryness,  , 
living  thu  r«<idue  in  100  v..c.  water,  and  filt<<Ting  the  solution  tinis  formed.  1 
'kh  this  solution  any  depth  nf  colur  can  readily  he  imitated.  1 

Dr.  GowRRB  uses  as  his  sl«ndaril  of  comparison  a  soluliuu  of  t  per  cent.  J 
of  bliKid  in  wsttT,  and,  so  iis  to  have  h  stable  standard,  i^lita^JS  tht*  exact  tint  I 
of  litis  tt-ith  aome  glycerin  jelly  eoloted  with  ainnine  or  picrunmtiine.  I 

Procet*. — 20  c.e.  of  tlie  blood  to  be  tested,  measured  by  means  of  »  capil-  I 
btrv  pi;H^tle,  are  added  to  a  glass  cylinder  like  that  coDtaiuing  the  colored  jelly,  1 
and  III  n'bieh  a  few  dnips  of  water  have  previously  bwn  added.  Distilled  I 
water  ia  then  added  drop  by  drop,  with  continual  agitation,  until  tlie  same  tint  1 
is  obtainiil  as  that  of  the  standard  of  comparison.  The  amount  of  water  added  I 
indieali«  the  h%uioglobin.  The  normal  standard  marks  100  di^reos  [>f  dilution,  ] 
90  that  if  the  blood  we  are  testing  gives  the  same  tint  when  dilnlc-d,  say  40  1 
times,  llieii  it  contains  only  40  per  cent,  of  the  nomiid  amount  of  bwinoglobin.  I 
Only  approsinmtivo  results,  it  may  be  said,  are  thus  obtained.  J 

—  Dttennwatirm  of  Bxmnglobin  6y  the  Sjiectroncope  (Prevkr). — This  j 
id  the  most  accurate,  and  its  only  diffically  consists  in  tbe  preparation  I 
'the  stMidard  Holution;  but  when  this  has  been  done,  and  the  value  of  «  | 
ascertained,  8ubsec|uent  experiments  will  merely  re<:|uire  exactly  the  same  <  1 
litions  to  be  observed  in  examining  the  blood  as  were  pursued  with  tlie  I 
i^lobin.  I 

Principle  of  ihr  Procea. — Concentrateil  solutions  of  hjcmoglobin  are  quit«    j 

all  but  ibc  red  rays  of  the  spectrum ;  less  concentrated  solutions, 
!ver,  allow,  in  addition  to  the  red  and  orange,  a  part  of  the  green  to  paea.    J 
BOW  a  solution  of  the  htemoglobin  is  made  of  such  a  density  as  to  permit 

'a  pass,  and  if  the  amount  of  biflmoglobin  present  in  such  a  solution  | 
letermiued,  we  possess  a  standard  of  comparison.  To  deteruiiue  the  luemo-  ] 
globin  in  a  speeimen  of  blood  it  will  therefore  be  necessary  to  dcGbrinate  it,  I 
and  to  dilute  a  measured  quantity  of  it  until  it  allows  tbe  green  of  the  i«pec-  I 
tram  to  appear  when  ezammed  with  a  spectroscope. 

Prtparntinn  af  n.  Standard  Solution. — A  little  ghiss  vessel  with   two  of 

parallel  walls  1  centimetre  opart  is  to  be  placed  close  in  front  of  a  lamp  in 

darkened  room.     Into  it  is  poured  1  c.c.  strong  solution  of  bcemoglobin,  and 

a  spectroscope   the  light  is  examined  through  the  layer  of  fluid.     If 

suffieieully  ounoenlrated  no  light  passes.     Distilled  water  is  now  carefully  added 

fh>ni  a  finely  graduated  pipette  until  the'  green  just  b^;iiis  to  appear  in  the 

spectroscope,     The  diluted  solution  of  hiemoglobin  in  tbe  little  Tesscl  ia  then    ' 

ired  into  a  small  weighed  porcelain  capsule,  and  its  wdglit  taken;   the  sotu- 

is  next  evaporated  over  a  water  bath  to  complete  dfyness,  and  weighed 

We  thus  obtain  the  amount  of  hramoglobin  present,  and  can  oaleulate   ' 
ifrom  the  percentage  of  the  solution. 

Determinatioti  of  Shod. — With  all  the  arrangements  ezaotly  as  befoic, 
about  0'5  to  0-8  c,c.  of  fresh  defibrinated  but  unfiltered  fresh  blood  that  has 
been  well  shaken  in  the  air  is  poured  into  the  little  vessel  with  parallel  walls. 
Drop  by  drop  distilled  water  is  let  fall  into  this  from  a  finely  graduated  pipetta  J 
^"   ".il  the  green  begins  to  be  seen  in  the  spectromwpe. 
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i  =:  the  percentage  of  a  hwiDD>;]obin  solutiun  allowiog  the  green  to  p 
B  volume  of  water  id  c.c,  added  to  the  blood  until  tht!  preen  appe&re.  fc  = 

the  volume  of  the  blood  in  c.o.,  and  x  ^  the  peK-cntage  of  the  hiemoglubin  ^ 

the  blood,  then 

or  if  the  ijuaDtitj  of  blood  employed,  b,  be  equal  to  O'S  c, 

Suppose  now  that  *=:  O'S  per  cent,  haemoglobin,  the  <|uantity  of  L 
employed  ^  0-551  c,c.,  and  the  volume  of  water  added  =^  85-1  cc,  then 

— 5 IL^ ^  IS'IU  per  cent,  hicmodobin. 

0-551  '^  ° 

The  author  has  obtained  fairly  accurate  results  by  using  standard  solutions 
of  normal  blood  instead  of  hiemoglobin,  and  also  by  repeating  the  experiments 
in  a  darkened  roam,  with  the  same  intennly  of  Uffhl,  etc.,  as  was  primarily  iiaed 
in  dotcrmininj;  ihe  value  of  «. 

Pathology. — Taking  the  normal  amount  of  dry  liitinoglobin  as  12'1 
per  cent.  (QuiNQUANn),  in  chlorosis  it  may  sink  to  7-2  to  4-6  percent^ 
in  cancer,  to  57  to  4'3  (in  fibrous  tumors  and  cysts,  wliile  the  hicia 
globin  may  fall  to  a  mean  of  8  per  cent.,  in  cancerous  tumors  it  may  I 
aa  low  at  4  to  38  per  cent.) ;  in  leukiemia,  to  6  per  cent. ;  first  ata 
tubercle,  to  10  per  cent.,  third  stage  from  10-6  to  4-8  percent.; 
severe  typhoid  fever  (about  the  twelfth  day),  to  11'5  per  cent. ;  and  S 
Bcnte  atrophy  of  the  Hver,  to  8*1  to  6-7  per  cent.  In  cholera  it  ofb 
riaes  to  15  to  20  per  cent.  In  chronic  nniemia  Hayem  haa  notice 
that  there  is  less  hiemoglobiu  in  the  corpuscles  themselves  than  in  tl 
normal  condition. 


CHAPTER  IV. 


SJEXAraS.  C„HyN.FeU,(C;„HaFeN.O,— TuLiucnuM).— This 
a  bluish  black  amorphous  boiiy.  forming  a  reddish  brown  powder  that 
can  be  heated  without  decomfioaition  to  180°.  and  which,  whtjn  burnt, 
leaves  pure  oxide  of  iron  behind.     It  is  insoluble  in  water,  alcohol, 
ether,  and  chloroform,  but  easily  soluble  in  the  alkalies  or  alkaline 
bonates:  it  is  with  difficulty  soluble  in  acetic  or  the  mineriU  acids, 
hydrochloric  appears  to  be  the  only  one  of  these  that  dissolvee  it  wil ' 
its  iron  seimmting.     Solutions  of  hsematin  are  dichrolc,  l)oing  redi 
I  brown  in  a  thick  and  olive  green  in  a  thin  layer.     Like  hiomoglo 
I  kffimatin  exists  in  an  oxidized  and  a  reduced  cuudilJon,  freshly  redw 
f  hsmatin  passing  rapidly  back  into  the  ordinary  form. 

Preparation. — 1.  Uiiule  defibrinated  blood  with  a  lar^  quantity  of  10 
per  ueul.  soUic  chloride  solution,     The  globules  swell  and  separate  from  the 
serum.     They  are  washed  with  saline  solaiion,  dried  al  a  low  tempuraturc,  and 
,  then  rubbed  up  with  15  lo  20  times  their  weight  of  jjlacialaceUcauid.     Wi 
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over  a  water  bath  till  the  solution  is  complete ;  then  dilate  with  five  or  six 
volames  of  water  and  lay  aside  for  several  weeks,  when  crystals  of  chlorhydrate 
of  hsematin  separate.  Decant,  purify  the  crystals  by  redissolving  them  in  acetic 
acid,  and  dilute  as  before  with  five  to  six  volumes  of  water.  Pure  haematin 
can  be  obtained  from  these  crystals  by  dissolving  them  in  ammonia,  evaporating 
the  solution  to  dryness,  and  heating  the  residue  to  130°  ;  next  digest  the  dry 
mass  for  several  days  with  absolute  alcohol  at  50°,  filter,  and  the  red  alcoholic 
solution  will,  on  evaporation,  yield  pure  haematin. 

2.  Digest  coagulated  blood,  or  the  separated  corpuscles,  with  alcohol  con- 
taining sulphuric  acid,  warm  gently  over  a  water  bath,  and  filter  rapidly :  a 
dark  brown  solution  of  haematin  is  obtained. 

3.  Defibrinated  blood  is  shaken  with  twice  its  volume  of  ether  containing 
quarter  its  bulk  of  alcohol.  Decant  afler  24  hours,  and  exhaust  the  coagulum 
with  ether  containing  2  per  cent,  oxalic  acid.  The  haematin  is  precipitated 
from  this  by  adding  to  it  ether  charged  with  ammonia,  and  it  is  lastly  washed 
with  water,  alcohol,  and  ether. 

Derivatives. — By  the  action  of  most  of  the  acids — sulphuric  acid, 
for  example — a  solution  of  haematin  is  decomposed,  and  iron-free  hcvma-- 
tin  (apparently  identical  with  cncentin,  hcematoporphyrin,  and  acid 
Juematin)  is  thrown  down,  hydrogen  at  the  same  time  being  disengaged, 
and  ferrous  sulphate  (if  the  decomposing  acid  has  been  sulphuric)  formed. 
This  new  body  is  regarded  by  Hoppe  Skyler  as  being  of  the  same 
nature  as  bilirubin.  Preyer's  hcematoin  is  also  very  similar  to  this 
iron- free  haematin,  like  it  containing  no  iron.  If  some  blood  or  strong 
haemoglobin  solution  is  shaken  up  with  an  equal  volume  of  ether  to 
which  a  little  acetic  acid  has  been  added,  and  the  dark-colored  ethereal 
solution  decanted  and  allowed  to  evaporate  over  caustic  alkali,  stellate 
brown  needles  will  be  obtained  of  this  body. 

Absorption  Spectra  (see  p.  202). — 1.  A  dilute  alkaline  solution 
gives  a  faintly  marked  band  at  d,  with  much  absorption  of  the  blue  end 
of  the  spectrum.  By  increasing  the  strength  of  the  solution  the  band 
extends  towards  c,  and  with  still  further  concentration  broadens  also 
towards  E,  the  red  end  of  the  spectrum  as  well  as  much  of  the  blue  end 
being  absorbed.  The  same  sj)ectrum  is  obtained  with  solutions  of  blood 
or  hsemoglobin  that  have  been  rendered  distinctly  alkaline,  and  then 
allowed  to  stand  some  time. 

2.  If  to  some  of  the  above  solution  of  blood  or  hjemoglobin  a 
little  strong  potassic  cyanide  solution  is  added,  a  broad  absorj)tion  band 
rapidly  makes  its  appearance  like  that  of  reduced  haemoglobin,  but 
lying  more  towards  E.  Now  treat  the  solution  with  such  a  reducing 
agent  as  ammonium  sulphide :  two  bands  then  appear  between  d  and  e, 
very  like  in  their  position  to  the  oxyluemoglobin  stripes,  but  neither  of 
them  touching  d  or  e,  the  narrowest  band  being  separated  from  D  by  a 
considerable  interval  (cyanhcematin  of  Lankester). 

3.  The  ethereal  solution  of  Preyer's  hcematoin,  or  a  solution  of 

the  iron-free  or  so-called  acid  hcematin  in  alkali  or  in  alcohol  containing 

some  sulphuric  acid,  gives  four  absorption  bands — one  distinct  band  in 

the  red  near  c ;  two  bands  between  d  and  e,  of  which  one  is  a  faint 

narrow  stripe  near  n,  and  the  other  a  broad  dark  band  near  e  ;  and  an 

indistinct  band  in  the  blue  between  b  and  F.     But  a  slight  difference 
1/1 
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exists  between  the  spectra  of  the  two  solutions,  for  the  bands  near  c  and 
E  are  broader  and  more  distinct,  and  the  stripe  near  D  narrower  and 
fainter  in  the  hjematoin  spectrum. 

4.  Oxyhsemoglobin  or  a  blood  solution,  when  reduced  by  ferrous 
sulphate,  ammonic  sulphide,  or  grape  sugar  at  40°,  gives  a  temporary 
intermediate  product,  Hoppe  Seyler's  hcemochromogeniC^fi^^eO^^ 
which  is  apparently  identical  with  Stokes's  redft^ed  hcematin;  it  gives 
a  dark  absorption  band  between  D  and  e,  but  nearer  D,  and  a  second 
faint  band  extending  from  a  little  on  the  red  side  of  E  to  the  blue  side 
of  6. 

This  reduced  haematin  or  hiemochromogen  can  be  preserved  some 
time  in  alkaline  solutions  if  not  exposed  to  the  air,  but  it  will  decom- 
pose rapidly  in  acid  solutions  hoematpporphyrin  being  formed. 

HJEMATOIDIN  occurs  in  yellow  crystals  in  old  extravasations.  Its 
composition  corresponds  to  the  formula  CgoH^^N^Og,  which  makes  it 
homologous  with  bilirubin,  but  Preyer  .  maintains  that  they  are  not 
identical  spectroscopically.  Robin  regards  it  as  haematin  which  has 
lost  all  its  iron  and  acquired  an  atom  of  water. 


CHAPTER  V. 

HjEMIN. 

HJEMIN  (Teichmann's  Blood  Crystals),  C^jHa^N^FeOs.HCl,  has  not 

been  found  preformed  in  animal  bodies;  it  is  a  bluish  black  or  dark 
brown,  metallic-looking,  very  stable  crystalline  powder.  In  dilute 
acetic  acid,  water,  alcohol,  ether,  and  chloroform  it  is  almost  insoluble, 
but  soluble  in  hydrochloric  and  sulphuric  acids  and  in  solutions  of  the 
alkalies  and  alkaline  carbonates,  but  being  decomposed  in  its  solution. 

Haemin  crystallizes  in  numerous  forms  belonging  to  the  rhombic 
system  ;  these  are  most  generally  small  brown  or  almost  black  rhombic 
prisms  or  tables. 

Preparation. — 1.  On  ji  small  senile  crystals  of  haemin  can  be  obtained  by 
proceeding  ai>  in  the  first  of  the  tests  given  below. 

2.  To  obtain  it  in  bulk,  separate  the  corpuscles  from  a  quantity  of  blood, 
and  having  decanted  the  serum,  dry  the  corpuscles  over  a  water  bath  at  50° ; 
add  a  sufficiency  of  acetic  acid  to  form  a  solution  with  the  aid  of  heat.  This 
having  been  effected  mix  the  solution  with  five  times  its  volume  of  water,  and 
set  the  whole  ai^ide  in  a  cylinder  in  a  moderately  cool  place.  At  the  end  of 
several  days  decant  and  wash  the  crystalline  residue  repeatedly  with  water  for 
a  considerable  time. 

li.  Boil  oOO  c.c.  glacial  acetic  acid  in  a  flask  over  a  water  bath,  and  add  to 
it  with  frequent  agitation  100  c.c.  of  blood.  The  haemoglobin  is  decomposed, 
and  both  the  luematin  and  globulin  remain  in  solution.  Pour  the  hot  fliud 
into  a  beaker,  and  lay  a^side.  After  twenty-four  hours  a  deposit  of  very  small, 
dark  blue,  silky  crystals  occurs ;  these  are  to  be  washed  in  water  by  decanta- 
tion  and  tin  idly  collected  on  a  filter. 
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4.  Rub  up  some  powdered  blood  clot  with  one-fifth  it«  weight  of  potajssic 
carbonate,  then  digest  the  mixture  at  45°  with  alcohol  ( J)3  per  cent.) ;  dilute 
the  filtrate  with  its  own  volume  of  water  and  acidify  slightly  with  acetic 
acid.  The  brown  flocculent  precipitate  is  to  be  dried,  rubbed  up  with  one-fifth 
its  weight  of  sodic  chloride  and  20  to  30  times  its  weight  of  glacial  acetic 
acid,  and  the  mass  digested  at  00°.     Separate  the  haemin  crystals  as  above. 

Tests. — 1.  The  dried  blood  is  to  be  powdered,  mixed  with  a  few 
crystals  of  dried  sodium  chloride,  and  gently  Avarmed  on  a  glass  slide ; 
then    add   a   few    drops  of  glacial  ^^ 

acetic  acid  and  warm  again ;  now       H   ^        ^^fO^        ^1j^ 
add  some  fresh  acid,  and   having      ^        Jfcp  tM 


applied   a   cover   glass    heat    once  ^^^  ^^ 

more,  when  the  characteristic  crys-  ^jj^  W%,  M        ^  k^   ^^ 

tals  will  appear.     Larger  crystals  /k  \  <0^  B       ^^^ 

will  be  obtained  by  repeating  the  W  ^i  ^                  ^ 

process   several   times;    but   some-  ^  |  ^  ^  ^    \ 

times   this  must  be  done  even  to  ^ 

render  the  experiment   successful.  fio.  2i.-rhombic  cbystai^  of  h^min. 

When  fresh  blood  is  employed  the  addition  of  the  salt  may  be  omitted. 
To  preserve  these  crystals  they  may  be  sealed  up  in  acetic  acid,  or  the 
surplus  acid  may  be  removed  and  replaced  by  Farrant\s  solution. 

2.  Take  a  little  hoemin  and  dissolve  it  in  dilute  hydrochloric  acid ; 
this  solution,  when  examined  spectroscopically,  gives  a  band  in  the  red 
near  c,  and  a  second  diffuse  band  in  the  broad  space  from  E  to  F,  but 
also  extending  towards  D. 

An  alkaline  solution  is  dichroic,  brown  with  transmitted  and  olive 
green  with  reflected  light. 


CHAPTER  VI. 

CO  A  Q  ULA  TION, 


Fresh-drawn  blood  begins  to  set  or  solidify  If  minute  to  6 
minutes  after  its  removal  from  the  living  blood  vessels,  and  this  coagu- 
lation, as  it  is  termed,  is  completed  in  7  to  16  minutes  (Nasse).  In 
healthy  blood  the  coagulation  occurs  slowly,  but  the  blood  of  delicate 
persons,  or  of  invalids,  women,  and  children,  coagulates  more  rapidly. 
This  setting  of  the  blood  is  due  to  the  solidification  or  separation  of  the 
fibrin,  which  usually  occurs  at  the  surface  and  periphery,  principally 
at  first  in  the  under  layers  of  the  blood,  and  spreading  from  thence 
upwards  and  outwards.  The  clot,  the  great  mass  of  which  consists  of 
corpuscles,  the  amount  of  fibrin  being  very  slight,  takes  the  form  of  the 
vessel  in  which  the  blood  is  contained.  The  colored  corpuscles  are  in 
greatest  numbers  towards  the  base  of  the  clot,  while  the  pale  corpuscles, 
being  specifically  lighter,  are  most  abundant  at  the  surface ;  in  certain 
conditions,  as  in  hydraemia,  chlorosis,  and  pregnancy,  as  w^ell  as  in- 
fiammations,  owing  to  the  more  rapid  sinking  of  the  colored  corpuscles. 
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or,  as  in  horse's  blood,  to  the  slower  occurrence  of  the  coagulation, 
the  surface  may  present  a  yellowish  tint,  forming  the  so-called  buffy 
coat 

By  the  contraction  of  the  fibrin  threads  the  scrum  is  squeezed  out, 
and  this  may  continue  for  twenty-four  to  forty-eight  hours ;  but  the 
occurrence  of  coagulation  as  Avell  a«  the  completion  of  the  contraction 
will  vary  a.s  to  time,  according  to  the  condition  of  the  blood  itself  and 
of  its  surroundings  when  withdrawn.  Arterial  blood,  for  example,  co- 
agulates more  rai)idly  than  venous  blood ;  and  coagulation  may  be  ac- 
celerated, retarded,  or  prevented  by  alterations  in  the  tempei'ature  or  by 
the  admixture  of  the  blood  with  reagents  of  different  kinds.  Thus  it 
is  accelerated  by  moderate  elevation  of  temperature,  occurring  most 
readily  about  88° ;  by  exposure  to  foreign  contact,  agitation,  and  the 
like,  and  by  the  addition  of  a  small  proportion  of  different  salts.  It 
is  possible  that  these  agencies  act  by  favoring  the  disintegration  of  the 
pale  corpuscles  from  which  the  ferment  is  derived.  Irritation,  in  short, 
of  every  kind  would  appejir  to  favor  the  destruction  of  the  paile  cor- 
puscles, and  thus  increase  the  proportion  of  fibrin  (Mantegazza). 

On  the  other  hand,  coagulation  may  be  retarded  or  prevented  by  a 
low  temperature  (0°),  by  the  addition  in  considerable  amounts  of  acids, 
caustic  alkalies,  and  salts  such  as  magnesic  sulphate,  sodic  chloride,  etc. ; 
further,  the  addition  to  the  l)lood  of  sugar  or  gum  in  quantity,  or  of 
glycerin  in  excess,  as  also  the  passage  through  it  of  a  current  of  ozone, 
delay  and  prevent  coagulation. 

Additions  of  water  u[)  to  half  the  volume  of  the  blood  hasten  co- 
agulation, while  larger  (|uantitie.s  hinder  it. 

The  slower  coagulation  of  venous  than  of  arterial  blood  is  dependent 
not  on  want  of  oxvi^en,  })ut  on  its  richness  in  car})onic  acid.  Want  of 
oxv*:eii  in  the  blood  apiK^ars  to  hasten,  whilst  richness  in  oxv<ren  delavs 
coagulation  (Hasebrock). 

Theories  as  to  the  Causes  of  Coagulation. — Without  referring  to  the 
earlier  theories,  I  shall  confine  myself  to  a  brief  synopsis  of  a  few  of 
comparatively  reeent  (hite. 

1.  Tile  infiQcnce  of  the  living  vessels  seems  to  prevent  coagulation  duriog 
life;  indeed,  Brucke  was  of  opinion  that  the  normal  living  walls  of  the  ves- 
sels exerted  an  active  influence  in  opposing  its  occurrence.     The  endothelial 
lining;,  however,  must  be  in  a  healthy  condition,  for  if  it  undergoes  irritation 
and  germination,  or  is  broken  through  in  any  way,  a  clot  forms  over  the  altered 
rejj^ion ;  and  accordingly,  as  in  the  case  of  thrombi,  clots  may  form  in  the  living 
ve^els.     A  normal  relation  or  ecfuilibrium,  as  Foster  puts  it,  would  sei*m  to 
be  maintained  between  the  blood  and  its  immediate  investment:  when  this  is 
disturbed  coairulation  results. 

2.  Theory  of  Denis. — There  exists  in  the  plasma  a  substance  {plagnm) 
which  can  be  separated  by  the  addition  of  an  excess  of  sodic  chloride;  this 
precipitate  dissolves  in  water,  and  the  solution  coagulates  spontaneously,  sepa- 
rating thus  iiiU)  ordinary  fibin  and  a  fibrin  suluble  in  solutions  containing  traces 
of  sodic  chloride.  When  the  blood  coagulates,  this  last  fibrin  remains  in  solution 
in  the  serum.  Coagulation,  according  to  this  theory,  would  therefore  be  due 
to  the  decomposition  of  a  body  previously  dissolved  in  the  plasma. 

The  presence  of  a  soluble  fibrin  has  also  been  maintained  by  ElCHWAlD' 
Matthieit,  and  Urbain,  etc.,  which  under  certain  conditions  passes  out  of 
solution. 
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3.  As  soon  as  the  corpuscles  lose  their  vitality  much  of  their  globulin 
escapes  from  them.  In  the  living  circulating  blood  this  globulin  is  contained 
in  the  corpuscles,  and  accordioglj  no  coagulation  occurs  until  it  combines  with 
other  bodies  normally  present  in  the  plasma.  Anything,  such  as  foreign  con- 
tact, leading  to  an  impairment  of  the  vitality  of  the  globule  will  tend  to  favor 
the  discharge  of  its  globulin,  and  the  consequent  occurrence  of  coagulation ; 
while  the  presence  of  carbonic  acid,  neutral  salts,  or  sugar  in  such  amount  as 
to  render  the  plasma  denser,  or  to  hinder  the  rapidity  of  oxidation,  will  tend 
to  retard  the  process  (Gautibr). 

(a)  According  to  Schmidt  the  presence  of  three  bodies  is  necessary  for 
coagulation  to  occur — -fibrinogen,  contained  in  the  blood  plasma;  JibrinophtMin^ 
contained  in  the  corpuscles ;  and  2i  fibrin  ferment  which  cannot  be  found  in  the 
living  blood  unless,  owing  to  some  abnormal  condition,  it  is  generated  by  a 
destruction  of  pale  corpuscles.  A  similar  ferment  is  found  in  all  protoplasmic 
cells,  such  as  those  of  lymph,  chyle,  and  pus,  etc.  Both  the  fibrinoplastin  and 
the  ferment,  Schmidt  affirms,  are  derived  from  the  disorganization  of  the  pale 
corpuscles,  the  fibrinogen  alone  being  a  normal  constituent  of  the  plasma.  By 
the  interaction,  then,  of  these  previously  separate  bodies  fibrin  is  formed. 

During  life  any  fibrinoplastin  formed  by  the  disintegration  of  pale  cor- 
puscles is  always  being  oxidized,  thus  tending  to  disappear;  but  if  this  de- 
struction of  the  corpuscles  is  greatly  increased,  as  by  the  injection  of  solutions 
of  pepsin  or  pancreatic  juice  into  the  blood,  coagulation  ensues  (Albertoni). 

In  addition  to  Schmidt's  three  factors  a  neutral  salt  like  NaCl  requires 
also  to  be  present — is,  in  fact,  essential  to  the  process. 

Some  serous  fluids  are  wanting  in  the  fibrinoplastic  substance,  and  some  in 
the  ferment.  The  quantity  of  the  ferment  present  has  no  influence  upon  the 
amount  of  fibrin  formed,  but  it  affiects  markedly  the  rapidity  of  the  process; 
and  the  fibrin  generated  is  less  in  weight  than  the  fibrinoplastin  used  up,  and 
an  excess  of  this  body  is  found  in  the  serum  after  coagulation  has  occurred. 

(6)  Hammarsten  and  Fr^dericq  are  of  opinion  that  there  is  but  one 
generator  of  fibrin,  fibrinogen,  which  under  favorable  circumstances,  apparently 
associated  with  the  action  of  a  ferment  derivative  of  the  pale  corpuscles,  is  de- 
composed and  fibrin  formed. 

Fibrin  cannot,  then,  appear  in  a  fluid  devoid  of  fibrinogen,  but  without  the 
presence  of  certain  derivatives  of  the  pale  corpuscles  it  cannot  be  formed  from 
fibrinogen  alone.  Schmidt's  fibrinoplastin  simply  favors  the  formation  of 
fibrin  from  the  fibrinogen,  but  its  presence  has  no  effect  on  the  quantity  of 
fibrinogen  used  up,  although  it  has  a  marked  influence  on  the  amount  of  fibrin 
produced. 

(c)  Hbynsius  believes  that  the  colored  corpuscles  play  an  important  role 
in  coagulation,  the  chief  part  of  the  fibrinogen,  according  to  him,  being  derived 
therefrom,  although  Schmidt  ascribes  the  favorable  action  of  the  colored  cor- 
puscles to  the  ferment  that  comes  from  them. 

H AYEM  describes  under  the  name  of  Iixmatoblasts  a  series  of  small  granular 
corpuscles  which  are  very  delicate  in  their  consistency,  more  or  less  biconcave 
and  irregular  in  shape,  and  either  colorless  or  stained  by  haemoglobin ;  as  to 
their  pre-existence  in  the  livin«j  blood  there  may  be  some  doubt,  but  Hayem 
attributes  to  them  an  active  share  in  coagulation,  as  they  serve,  according  to 
him,  as  centres  from  which  delicate  threads  of  fibrin  radiate,  so  that  coagulation 
^ould  seem  to  have  its  origin  in  the  physico-chemical  acts  accompanying  their 
decomposition. 

Pibrin. — Human  blood  furnishes  0-1  to  0*4  per  cent,  dry  fibrin.  If 
fibrin  is  left  in  a  moist  condition  in  a  warm  place  it  gradually  liquefies 
»nd  becomes  putrid,  a  coagulable  albumen  being  formed  as  well  as  buty- 
Yate,  valerate,  and  sulphide  of  ammonium. 
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LuSANXA  regards  fibrin  as  the  liquefied  and  oxidized  tissue  detritus, 
tetanized  muscle,  he  states,  furnishing  twice  as  much  fibrin  as  the  rest- 
ing muscle;  the  lymph  also  more  than  blood,  because  it  contains  more 
of  these  waste  products ;  and  the  arterial  blood  more  than  the  venous 
blood,  on  account  of  the  excess  poured  in  by  the  lymph.  (For  fibrin 
see  under  Albumens,  p.  113.) 


CHAPTER  VII. 

METHODS  AND  PRACTICAL  EXERCISES  FOR  THE  SEPARATION, 
PREPARATION,  OR  IDENTIFICATION  OF  DIFFERENT  BLOOD 
CONSTITUENTS. 

1.  Albumen  of  Serum. — Dilute  the  serum  with  twice  its  volume  of 
water,  and  add  very  dilute  acetic  acid  until  a  precipitate  occurs — this  is 
paraglohulhi ;  filter,  and  having  rendered  the  filtrate  slightly  alkaline, 
dialyse,  and  after  some  time  concentrate  the  contents  of  the  dialyser. 
To  separate  serum  glohuUn  and  sennn  albumen^  add  to  the  serum  a 
saturated  solution  of  magnesic  sulphate;  the  serum  albumen  remains  in 
solution,  the  globulin  being  precipitated.  The  ser-albumen  can  be 
separated  from  excess  of  salines  by  dialysis. 

2.  The  Salts  of  the  Serum. — Faintly  acidifv  the  serum  with  acetic 
acid,  boil  for  some  time,  and  filter;  the  filtrate  is  often  termed  serositj/. 
The  precipitated  all)unien  contains  a  little  fat  and  some  earthy  salts, 
which  may  be  removed  by  boiling  first  with  alcohol  and  then  with  dilute 
hydrochloric  acid. 

The  serostty  is  to  })e  carefully  evaporated  nearly  to  dryness,  Avhen 
crystals  of  sodic  eJdoride  will  form.  Pour  oft*  tlie  mother  liquor,  and 
having  evaporated  it  to  dryness,  ignite  the  residue,  when  a  wTiite  fusible 
ash  will  be  obtained.  To  a  trace  of  this  add  a  drop  of  nitric  acid,  and 
note  the  evolution  of  carl)ouic  acid  gas ;  the  rest  of  the  ash  is  boiled  in 
water  and  a  little  carbonate  of  ammonia  added. 

{a)  The  precipitate  is  collected  on  a  filter,  well  washed  in  water, 
boiled  in  a  little  dilute  hydrochloric  acid,  evaporated  just  to  dryness, 
then  dissolved  up  again  in  water  and  filtered.  This  solution  of  the 
precipitate  contains  phosphates  and  a  trace  of  lime.  To  part  of  it  a  few- 
drops  of  nitric  acid  and  then  excess  of  ammonia  molybdate  are  added, 
and  on  warming  gently  a  bright  yellow  pre(.*ipitate  of  ammonio-molybdic 
phos])liate  appears.  To  the  rest  add  excess  of  oxalate  of  ammonia  and 
shake  well,  when  oxalate  of  lime  will  })e  precipitated. 

(6)  The  nitrate  from  the  annnonic  carbonate  ])recipitate  contains 
the  alkalies,  soluble  chlorides,  sulphates,  and  phosphates. 

(j)  To  one  half  add  a  few  drops  nitric  acid,  and  then  a  little  baric 
nitrate,  when  the  sulphates  are  precipitated;  to  the  filtrate  add  excess 
of  silver  nitrate,  which  throws  down  the  chlorides;  and  to  the  filtrate 
therefrom  a<ld  dilute  ammonia  to  neutralization,  when  yellow  phosphate 
of  silver  makes  its  appearance. 
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(ij)  The  other  half  is  to  be  evaporated  to  dryness,  and  the  residue 
gently  ignited  and  subsequently  dissolved  in  water,  a  few  drops  hydro- 
chloric acid  added,  and  then  evaporated  in  a  capsule;  sodic  chloride 
crystallizes  out  in  cubes.  Decant  the  mother  liquor,  add  to  it  platinic 
chloride  and  alcohol,  and  stir  well  with  a  glass  rod,  when  a  crystalline 
yellow  precipitate  of  potassio-platinic  chloride  will  form. 

8.  Separation  of  Lecithin,  Fats,  and  Cholesterin  from  the  Colored 
Corpuscles. — A  clot  is  expressed  through  a  linen  cloth,  and  the  fluid 
that  exudes  is  to  be  treated  with  excess  of  ether  and  well  shaken ;  the 
ether  is  separated  by  decantation,  and  the  residue  again  extracted  with 
more  ether.  The  ethereal  extract  is  then  filtered  and  evaporated ;  a 
cryst;dline  residue  is  obtained  of  fats,  cholesterin  in  needles,  and  leci- 
thin in  little  tufts.  By  adding  water  the  lecithin  swells  up  and  becomes 
almost  insoluble  in  ether,  so  that  bv  treating  the  residue  with  the  latter 
solvent  after  the  action  of  the  water  the  fats  and  cholesterin  are  removed. 

4.  Separation  of  the  Corpuscles. — (a)  Let  the  blood  flow  from  the 
vein  into  a  saturated  solution  of  sodic  sulphate  contained  in  a  vessel 
surrounded  by  a  freezing  mixture;  no  coagulation  will  occur,  and  the 
corpuscles  will  settle  down  to  the  bottom  of  the  vessel.  Pour  off  the 
supernatant  liquid  after  two  or  three  hours  and  collect  the  sediment  on 
a  filter,  where  it  is  to  be  washed  with  a  solution  of  sodic  sulphate. 

(6)  Snip  ofi^  the  apex  of  a  frog's  heart  and  let  the  blood  flow  into  a 
solution  of  sugar  (J  per  cent.) ;  filter  rapidly ;  the  filtrate  coagulates 
immediately. 

(c)  Allow  the  blood  to  flow  into  a  cold  and  dilute  solution  of  mag- 
nesic  sulphate  (2  per  cent.)  and  of  ammonic  chloride  (2  per  cent.)  The 
globules  sink  and  can  be  collected  by  filtration. 

(d)  One  of  the  most  ingenious  methods  is  to  collect  some  venous 
blood  in  a  tube  surrounded  by  a  freezing  mixture,  and  then  subject  the 
tube  with  its  contents  to  a  continuous  and  very  rapid  horizontal  rotatory 
motion  in  a  centrifugal  machine  j  the  globules  tend  to  collect  at  the 
outer  end  of  the  tube  (Salet  and  Daremberg). 

(e)  Collect  some  horse's  blood  in  a  long  narrow  thin  glass  cylinder 
immersed  in  a  freezing  mixture.  After  a  couple  of  hours  remove  the 
fluid  from  the  deposited  corpuscles  by  means  of  a  siphon,  and  wash  the 
corpuscles  with  salt  solution. 

The  plasma  can  also  be  obtained  by  any  of  these  methods. 

5.  Experiments  with  Plasma. — (a)  Place  a  little  in  a  watch  glass 
and  warm  gently,  when  a  clot  forms,  owing  to  the  coagulation  of  the 
plasmin  present. 

(b)  Add  to  another  watch  glass  some  of  the  plasma,  and  four  times 
its  volume  of  distilled  Avater:  a  coagulum  will  form  after  some  time. 

(c)  To  a  third  watch  glass  add  some  plasma,  then  a  little  magnesic 
sulphate  solution  (1 :  4)  and  about  eight  parts  of  water;  no  coagulation 
will  occur  until  a  little  fibrinoplastin  is  added. 

6.  Preparation  of  Fibrinoplastin  and  Fibrinogen.— (^0  Dilute  a 
little  serum  with  ten  times  its  bulk  of  cold  water,  and  pa.ss  a  current  of 
carbonic  acid  gas  through  it :  a  granular  precipitate  of  fibrinoplastin  is 
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obtained,  which  will  settle  after  some  time.     Saturation  of  the  serum 
with  sodium  chloride  produces  the  same  result. 

(6)  Dilute  some  hydrocele  fluid  with  ten  to  twenty  times  its  volume 
of  water,  and  by  saturating  it  with  sodic  chloride  in  powder,  or  by  pass- 
ing a  current  of  carbonic  acid  gas  through  it  for  some  time,  a  white 
slimy  precipitate  of  fibrinogen  is  obtained. 

7.  Preparation  of  Blood  Ferment— Coagulate  fresh  ox  blood  by  the 
addition  of  20  volumes  of  alcohol  (85  per  cent.),  filter,  and  after  eight 
to  twelve  days  decant  and  dry  the  residue  over  sulphuric  acid;  then 
pulverize  and  digest  the  powder  with  distilled  water.  By  reprecipitat- 
ing  the  watery  solution  with  alcohol,  and  drying  the  precipitate  again 
over  sulphuric  acid,  the  ferment  is  purified. 

8.  Preparation  of  Fibrin  Clot— (a)  To  a  little  hydrocele  fluid  add 
some  serum,  and  after  a  short  time  a  clot  will  form.  The  hydrocele 
fluid  contains  fibrinogen,  and  the  serum  fibrinoplastin  and  ferment. 

(b)  Prepare  fibrinogen  from  diluted  hydrocele  fluid  by  saturating 
the  latter  with  sodic  chloride,  and  fibrinoplastin  by  saturating  diluted 
serum  in  the  same  way.  Now,  after  washing  the  precipitates  well  with 
a  little  water  to  remove  excess  of  sodic  chloride,  they  will  soon  dissolve 
when  more  water  is  added ;  mix  the  solutions  thus  obtained  and  a  clot 
will  form. 

9.  Detection  of  Ammonia. — This,  as  a  rule,  can  only  be  detected  in 
diseased  conditions,  particularly  in  uraemia  and  certain  zymotic  diseases. 

Place  the  fresh  blood  in  a  small  beaker  and  cover  Avith  a  plate  of 
glass,  this  being  rendered  more  or  less  air-tight  by  smearing  the  points 
of  contact  with  lard.  On  the  under  surface  of  this  slip  of  glass  spread 
out  a  few  drops  of  ammonia-free  dilute  sulphuric  acid  before  it  is  fixed 
down.  Leave  the  beaker  aside  for  an  hour  or  so  in  a  moderately  warm 
room,  and  then  test  the  dilute  sulphuric  acid  with  a  few  drops  of  Ness- 
lek's  solution,  when  ammonia  will  be  shown  by  the  yellow  coloration. 

Nesslkr's  solution  is  thus  prepared:  35  grams  potaasic  iodide  and 
13  grams  mercuric  chloride  are  added  to  800  c.c.  of  water,  and  the 
mixture  boiled  with  frequent  stirring  until  the  salts  dissolve.  Then  a 
cold  saturated  solution  of  mercuric  chloride  in  water  is  carefully  added 
until  the  red  mercuric  iodide  formed  just  begins  to  remain  undissolved. 
We  have  now  a  solution  of  potassic  iodide  saturated  with  mercuric  iodide. 
This  is  rendered  alkaline  and  sensitive  by  the  addition  of  160  grams 
caustic  soda,  and  the  whole  diluted  up  to  1  litre.  A  little  more  mer- 
curic chloride  must  be  added,  and  the  mixture  laid  aside  to  settle. 
The  reaifcnt  should  have  a  yellow  tint. 


CHAPTER  VIII. 

TESTS  AND  CHARACTERISTICS  OF  BLOOD. 

I.  Chemical  Tests  for  Blood. 

1.    Immerse  a  piece  of  linen  rag  in  blood  and  dry  it.     Leave  a 
cutting  of  this  for  a  couple  of  houi^s  in  cold  water,  and  a  dingy  red 
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solation  will  be  obtained,  some  of  the  coloring  matter  also  gradually 
collecting  at  the  bottom  of  the  vessel. 

2.  Boil  a  little  of  the  solution  thus  obtained,  and  a  dirty  red  coagu- 
lum  will  form.  Decant  the  fluid,  and  having  added  to  it  a  little  caus- 
tic potash,  boil,  and  a  solution  will  be  obtained  which  will  be  red  by 
reflected  and  green  hy  transmitted  light. 

3.  Add  a  few  drops  of  nitric  acid  to  a  little  of  the  colored  solution, 
and  a  brown  coagulum  will  appear. 

4.  Boil  a  slip  of  the  stained  rag  in  water  to  which  some  tannic 
acid  has  been  added,  and  it  will  become  black  or  gray  colored. 

5.  Boil  another  slip  with  dilute  hydrochloric  acid,  and  add  a  few 
drops  of  potassic  ferrocyanide :  a  blue  precipitate  appears,  indicating 
iron. 

6.  Add  to  a  little  blood  twice  its  volume  of  caustic  soda  (sp.  gr.  1*3), 
and  a  flocculent  greenish  brown  precipitate  is  obtained,  which  grad- 
ually dissolves ;  if  now  a  small  stoppered  bottle  is  filled  with  the  solu- 
tion and  laid  aside,  it  will  after  a  time  assume  a  violet  color. 

II.  Practical  Exercises  with  the  Spectroscope. 

1.  Oxyhcemoghhin. — Examine  a  dilute  solution  of  blood  or  haemo- 
globin about  two-fifths  of  an  inch  thick  spectroscopically,  and  the  two 
bands  between  D  and  E  will  be  seen ;  note  that  the  band  near  D  is 
narrower,  darker,  and  better  defined  than  the  other. 

2.  Spectroscopic  Examination  of  the  Circulating  Blood, — Bring 
two  of  the  fingers  together  in  front  of  a  bright  light  in  such  a  way  as 
to  allow  a  faint  rosy  light  to  pass  through ;  examine  this  last  with  a 
spectroscope,  and  the  two  absorption  bands  of  arterial  blood  will  be 
seen.  Then  apply  an  elastic  ligature  to  the  two  fingers,  and  on  exam- 
ining as  before  it  will  soon  be  noticed  that  instead  of  the  two  absorp- 
tion bands  of  oxy haemoglobin  the  single  band  of  reduced  haemoglobin 
makes  its  appearance. 

3.  Reduced  Hcemoglobin, — Add  to  a  little  blood  or  hiemoglobin 
solution  some  reducing  agent,  as  ammonic  sulpliide,  protochloride  of 
tin,  or  the  ferrous  sulphate  mixture  (p.  205).  Examine  rapidly,  and 
a  single  broad  band  occupying  about  three-fourth  of  the  space  between 
i>  and  E  will  be  seen. 

4.  Hoematin,  (a)  Alkaline  Hiiematin. — Add  a  little  ammonia  or 
caustic  potash  to  a  solution  of  blood  or  haemoglobin ;  a  broad  band 
appears  between  c  and  d,  but  nearer  b;  with  concentrated  solutions, 
say  of  baric  hydrate,  the  band  extends  more  on  each  side,  reaching  on 
the  blue  side  nearly  halfway  between  d  and  e. 

(y9)  Acid  Hcematin, — Add  some  drops  of  acetic  acid  to  the  small 
tube  or  vessel  containing  a  moderately  concentrated  solution  of  blood 
or  ha?moglobin.  Sometimes  it  is  advantageous  to  add  in  addition  a 
volume  of  ether  equal  to  that  of  blood.  On  examination  several  bands 
are  to  be  seen,  but  one  distinct  black  band  in  the  red  is  to  be  looked 
for,  almost  coinciding  with  the  line  c,  and  extending  somewliat  on  each 
side.  The  position  and  character  of  this  band  vary  more  or  less  ac- 
cording to  the  acid  employed.     Preyer,  indeed,  partly  for  this  reason 
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divides  these  acids  into  four  groups.  With  formic  acid,  for  example, 
the  band  lies  a  little  more  to  the  right  than  with  acetic  or  phosphoric 
acid,  and  with  oxalic  acid  still  further;  but  the  strength  of  the  acid 
also  causes  a  variation. 

(;-)  Reduced  Hcematin, — Treat  the  solution  of  acid  hjcmatin  used 
in  the  j)revious  reaction  with  a  ferrous  salt,  and  two  new  bands  appear, 
one  beginning  near  D  and  extending  halfway  between  D  and  e,  and  the 
other  stretching  on  each  side  of  e. 

III.  Detection  of  Blood  in  Spots,  Stains,  &o. 

A.  By  the  Microscope, — If  the  blood  is  still  liquid  place  a  drop  of 
it  on  a  slide  under  a  thin  cover  glass,  and  if  it  cannot  be  examined  at 
once  surround  the  margin  of  the  cover  glass  with  a  little  melted  paraf- 
fin or  wax. 

Note  the  shape  and  diameter  of  the  corpuscles,  and  whether  nu- 
cleated or  not. 

If  the  })lood  spot  is  dry  it  must  be  softened  with  iodized  serum 
(prepared  by  adding  tincture  of  iodine  to  amniotic  fluid  until  the  latter 
acquires  a  faint  yellow  tint,  or  to  an  artificial  scrum  consisting  of  water 
270,  sodic  chloride  0-4,  and  albumen  30),  or  Avith  sodic  chloride  solu- 
tion (three-fourths  per  cent.),  or  sodic  sulphate  solution  (one-half  per 
cent.),  or  saturated  watery  solution  of  arsenious  acid.  Kecent  blood 
stains  are  bright  red,  older  stains  of  a  reddish  brown.  With  recent 
stains  softening  occurs  rapidly,  but  an  old  spot  may  require  days.  By 
means  of  a  tapillary  tube  .some  of  the  colored  fluid  is  to  be  transferred, 
as  }»efore,  to  a  slide  and  examined.  Thin  threads  of  fibrin  may  be 
seen,  and  bv  the  addition  of  acetic  acids  these  are  rendered  more  dis- 
tinct,  on  account  of  their  swelling  up  and  assuming  a  gelatinbus  aspect. 

Ah  it  is  vei'ji  important  to  discover  the  presence  of  the  corpuscles^ 
an  effort  should  always  he  made  to  find  them, 

11.  By  Chemical  Examination, —  To  obtain  a  solution  of  the  blood-, 
especially  if  it  is  in  the  form  of  an  old  dry  stain,  it  may  be  necessary, 
in  case  the  blood  is  not  removed  1)V  soakin;;  the  stain  in  water,  to  seal 
up  the  ])iece  of  stained  rag  in  a  stout  glass  tube  containing  a  little  wa- 
ter; this  tube  is  then  suspeiide<l  for  an  hour  in  oil  at  a  temperature  of 
about  150°. 

A  solution  of  arsenious  acid  serves  well  as  a  blood  solvent,  also  a 
waterv  solution  of  borax.  When  })lood  is  diluted  with  water  it  niav  be 
j)reci|)itated  witli  acetate  of  zinc,  by  which  means  it  may  be  dotecto<l 
even  in  dilute  solutions. 

(a.)  The  Guaiaeum  Test. — Add  to  a  solution  of  the  bh)od  some 
tincture  of  guaiacum  and  a  little  ozonized  ether;  the  former  should  be 
freshly  prepared  (]).  20o),  and  tlie  ozonized  ether  can  be  made  by  adding 
oxygenated  water  to  jnire  sulphuric  ether. 

The  test  may  also  be  thus  a])])lied:  Moisten  the  spot  with  water  and 
cover  it  with  several  folds  of  whitt^  blotting-])a])er  that  gives  no  reaction 
with  the  guaiaeum.  Now  press  the  paper  very  finuly  down  upon  the 
suspected  spot:  if  blood  is  present  the  paper  will  generally  acquire  a 
yellowish  red  oy  brownish  stain.     Cut  this  stain  into  two  or  three  ^<trips; 
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treat  one  with  ammonia,  and  note  if  a  scarlet  or  greenish  tint  is  ob- 
tained; moisten  another  strip  with  spirits  of  turpentine  that  h{is  been 
exposed  to  the  air,  and  add  a  drop  of  the  tincture  of  guaiacum,  and  to 
the  third  slip  some  drops  of  the  guaiacum  tincture  and  ozonized  ether. 
Note  if  a  pale  or  indigo  blue  appears  in  a  few  minutes  in  the  last  two 
slips.  The  presence  of  nasal  mucus,  saliva,  and  pus  interferes  with 
this  test. 

(b)  The  stained  parts  are  to  be  scraped,  washed,  etc.,  ^nd  a  solution 
prepared  with  as  little  water  or  borax  solution  as  i)ossible. 

(j)  Drops  of  this  solution  are  then  to  be  placed  on  watch  glasses  or 
on  slides,  and  to  be  tested  in  turn  with  drops  of  the  following  solutions : 
nitric  acid,  acetic  acid  and  fcrrocyanide  of  potassium,  and  tincture  of 
nut  gall.  All  these  reagents  effect  a  precipitation,  and  the  Avhitish 
flocculent  opalescence  produced  is  easily  recognized  under  the  micro- 
scope. 

(ij)  To  a  little  of  the  solution  add  a  drop  of  ammonia:  the  red 
color  of  blood  is  not  altered ;  vegetable  reds,  however,  become  blue. 

(iij)  Dissolve  a  little  of  the  stain  or  clot  in  boiling  caustic  potash  : 
the  stain  loses  its  color  and  the  solution  obtained  will  appear  reddish 
by  reflected  and  greenish  by  transmitted  light,  and  will  give  a  precipi- 
tate with  nitric  acid. 

(iv)  To  a  little  of  the  filtered  solution  add  tungstate  of  'soda  solu- 
tion strongly  acidulated  with  acetic  acid,  and  a  reddish  brown  precipi- 
tate appears.  If  this  precipitate  is  dissolved  in  ammonia  a  reddish 
green  dichroic  solution  is  obtained. 

C.  By  the  Spectfoseope, — This  method  requires  considerable  care, 
and  although  it  is  very  characteristic  the  results  are  not  always  easy  to 
obtain  unless  the  blood  is  suflScient  in  quanti.ty.  It  is  also  advisable  to 
use  a  spectroscope  with  a  scale,  and  to  note  the  exact  position  of  the 
bands.  Both  the  oxyhiemoglobin  bands  are  seen  faintly  with  ^^^  per 
cent,  solutions  of  haemoglobin  (Preyer).  The  solution,  if  too  dilute, 
may  be  evaporated  on  a  watch  glass  and  the  dry  residue  examined. 
This  same  dry  residue  can  then  be  used  for  the  preparation  of  hiemin 
crystals,  as  in  D. 

(a)  The  spots  or  stains  are  scraped  off  and  digested  in  water  to 
which  a  little  ammonia  has  been  added.  The  solution  so  obtained  is 
to  be  "examined'*  spectroscopically  in  as  thick  a  layer  as  possible,  and 
the  absorption  bands  of  oxyhjemoglobin  looked  for.  If  the  two  bands 
are  visible  then  add  two  or  three  drops  of  ammonic  sulphide,  and  in  a 
few  minutes  the  single  band  of  reduced  hivmoglobin  will  appear; 
shake  this  last  solution  for  some  time  in  the  air,  and  the  two  bands 
will  reappear. 

(6)  If  the  haemoglobin  bands  cannot  be  found  satisfactorily,  try  for 
the  absorption  bands  of  haematin.  Mix  the  ammoniacal  solution  with 
glacial  acetic  acid  till  it  is  markedly  acid,  and  transfer  it  to  a  small 
stoppered  bottle;  add  its  own  volume  of  ether,  and  shake  well  for  a 
short  time.  If  the  ether  does  not  separate  readily,  add  ghicial  acetic 
acid  drop  by  drop  until  the  precipitate  that  appears  is  deposited  or 
rcdissolved.  The  ether  then  separates  with  a  reddish  brown  color. 
This  colored  ethereal  solution  is  next  poured  into  a  sn^iH  glass  vessel 
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with  parallel  walls,  and  examined  with  the  spectroscope ;  if  not  too 
dilute  the  acid  hiematin  bands  will  be  seen,  particularly  the  sharply 
defined  band  in  the  red  (over  c)  and  a  less  intense  band  in  the  green. 

(c)  Treat  a  portion  of  the  spot  with  a  few  c.c.  of  a  cold  saturated 
solution  of  borax  at  40°,  and  examine  spectroscopically.  A  somewhat 
similar  spectrum  may  be  obtained  with  cochineal  solution,  purpurin- 
sulphonic  acid,  etc. ;  but  the  cochineal  is  decolorized  by  chlorine  water 
without  yielding  a  precipitate;  and  the  haemoglobin,  when  reduced 
with  sodic  sulphide  (1:5),  gives  the  single  band  of  reduced  haemo- 
globin. 

(d)  Dilute  a  portion  of  the  solution  with  five  to  six  volumes  of 
water,  and  precipitate  it  with  acetate  of  zinc  solution  (5  per  cent.) 
Dissolve  the  washed  precipitate  in  1  to  2  c.c.  glacial  acetic  acid,  and 
examine  spectroscopically  for  haematin,  part  of  the  precipitate  also 
being  tested  as  in  D  for  haemin  crystals. 

D.  Bf/  the  Formation  and  Dt*tection  of  Crystals  of  ffcemin. — The 
blood  spots  or  scrapings  are  treated  with  warm  glacial  acetic  acid,  and 
to  the  solution  a  few  grains  sodic  chloride  are  added ;  heat  over  a 
spirit  lamp  for  some  time;  fresh  acid  being  added  if  necessary.  It  is 
ardvisable  to  repeat  the  addition  of  the  acetic  acid  several  times 
and  to  heat  after  each  addition,  and  the  formation  of  the  crystals 
occasionally  seems  to  be  facilitated  by  moistening  the  residue  after  each 
evaporation  of  the  acetic  acid  with  a  few  drops  of  water,  and  evaporat- 
ing this  in  turn  before  the  next  addition  of  acetic  acid.  Finally,  the 
whole  may  be  evaporated  over  a  water  bath. 

The  entire  operation  can  be  satisfactorily  performed  upon  a  glass 
slide  (p.  211),  and  the  preparation  examined  microscopically  after  the 
addition  of  a  few  more  drops  of  acetic  acid  and  the  application  of  a 
cover  glass.  With  a  high  power  dark  brown  rhombic  crystals,  often 
arranged  in  stellate  groups,  make  their  appearance. 

E.  In  cases  where  the  amount  of  blood  is  very  small,,  not  more  titan 
a  drop  or  a  stain,  proceed  as  follows,  as  the  same  specimen  serves  for 
each  successive  test  (IIoppe  Seyler)  : — 

1 .  Remove  the  spot  or  stain  of  blood. 

2.  Macerate  it  in  a  little  water  contained  in  a  watch  glass. 

3.  If  no  proper  solution  occurs,  but  merely  a  separation  of  the  col- 
oring substance,  dry  as  completely  as  possible  over  sulphuric  acid,  so 
that  a  colored  layer  may  be  deposited. 

4.  Apply  the  spectroscopic  test  to  this  deposit. 

5.  Then  try  to  produce  luemin  crystals  by  adding  a  little  sodic 
chloride  and  ten  to  twenty  drops  of  glacial  acetic  acid,  stirring  well 
with  a  glass  rod ;  when  all  is  dissolved  evaporate  rapidly  over  a  spirit 
lamp  and  complete  the  evaporation  upon  a  water  bath.  When  the 
odor  of  acetic  acid  is  no  longer  j)erceptible  examine  with  a  high 
power.  Instead  of  acetic  acid  alone  a  mixture  of  chloroform  (6)  and 
glacial  acetic  acid  (1)  may  be  used  with  advantage  (Selmi). 

t).  Now  wash  the  contents  of  the  watch  glass  with  a  little  water, 
and  throw  upon  a  small  filter;  hjemin  is  insoluble  and  will  remain  on 
the  filter;  treat  it  here  with  a  few  drops  of  caustic  soda,  when  a 
greenish  or  red  liquid  will  be  obtained,  according  to  the  thickness  of 
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the  layer.  Evaporate  this  to  dryness  in  a  porcelain  crucible,  calcine 
the  residue,  and  dissolve  the  ash  in  a  little  pure  hydrochloric  acid ; 
then  evaporate  the  excess  of  acid,  add  a  few  drops  of  water,  and  test 
for  iron  by  means  of  ferrocyanide  of  potassium  and  potassic  sulpho- 
cyanide. 


CHAPTER  IX. 

ESTIMATION  OF  SINGLE  CONSTITUENTS  OF  BLOOD. 

In  many  of  the  following  weighings  it  is  best  to  allow  the  blood  or 
serum  to  flow  into  a  weighed  capsule,  and  by  a  subsequent  weighing 
of  this,  when  covered,  ascertain  the  increase  of  weight. 

1.  Water  and  Ash. — Twenty-five  gramsi  of  serum,  blood,  or  defibrinated 
blood  are  dried  in  a  platinum  crucible  over  a  water  bath,  followed  by  a  hot 
air  bath  at  110°  to  120°.  The  loss  in  wei^cht  i.s  due  to  the  water,  but  the 
weighing  should  be  repeated  several  times  till  a  nearly  uniform  result  has  been 
obtained  after  repeated  heatings.  The  crucible  is  next  cautiously  heated  in 
a  tilted  position  over  a  Bunsen  lamp,  and  the  temperature  gradually  increased 
until  the  ash  is  of  a  reddish  white  color.  The  heat  must  not  be  more  than  a 
feeble  red  heat ;  and  it  aids  the  combustion  if  aft<ir  the  wat^r  has  been  ascer- 
tained the  dried  mass  is  removed  and  finely  powdered  before  being  ignited. 

2.  The  Soluble  and  Insoluble  Salts  and  Chlorides. — (a)  The  ignited 
mass,  after  it  has  been  weighed,  is  to  be  repeatedly  digested  with  water  and 
then  filtered.  The  insoluble  residue,  after  having  been  dried,  is  again  ignited 
until  the  carbon  is  completely  burned.  The  weight  of  the  residue  is  equal  to 
the  weight  of  the  insoluble  sidt**. 

(b)  The  filtrate  contains  the  salts  soluble  in  water.  Evaporate  it  to  dry- 
ness in  a  weighed  platinum. crucible,  heat  to  a  dull  redness,  and  weigh:  this 
gives  the  soluble  salts. 

(c)  This  last  residue  is  dissolved  agiiin  in  water,  acidified  with  nitric  acid, 
and  the  chlorides  precipitated  with  silver  nitrat^^ ;  the  beaker  containing  the 
mixture  is  next  to  be  covered  with  a  small  box  or  otherwise  protected  from 
the  hght.  When  the  precipit^ite  has  completely  settled,  the  supernatant  liquid 
is  tested  with  a  drop  or  two  of  the  silver  nitrate  to  ascertiiin  if  the  chlorides 
are  entirely  precipitated.  If  this  is  the  ctise,  collcjct  the  silver  chloride  on  a 
filter  whose  proportion  of  ash  Is  known,  wash  it  here  with  wati^r  containing 
nitric  acid  and  then  with  pure  boiling  water  ;  next  dry  at  100°,  and  melt  the 
separated  precipitate  in  a  porcelain  crucible  ;  now  let  it  stand  aside  and  cool ; 
the  filter  is  then  cut  into  little  pieces  and  placed  inside  the  crucible  cover,  imd 
i^hen  it  has  been  carefully  calcined  add  the  ash  to  the  silver  chloride  in  the 
crucible.  This  is  to  be  covered,  gently  heated,  allowed  to  cool  over  sulphuric 
acid,  and  weighed. 

Example. — Twenty-five  grams  defibrinated  blood  dried  and  carbonized. 
After  the  extraction  of  the  soluble  salts  and  the  complete  combustion  of  the 
carbon  the  insoluble  salts  weighed  0022  gnun. 

The  watery  solution  evaporated  in  a  platinum  capsule  and  heated  to  faint 
redness  gave  0*173  gram  residue  =  the  soluble  salts. 
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The  solution  of  the  residue  in  water,  acidulated  with  nitric  acid  and  pre- 
cipitated by  silver  nitrate,  gave  the  following : — 

Grams. 

Porcelain  crucible  with  silver  chlorides  and  ash  of  filter    .    24*476 

"  "  24-231 

0-245 
Ash  of  filter 0*002 

Silver  chloride 0*243 

Ag==108 
CI  =   35-5 

143-5  =  35-5  CI;  therefore  ^^'^^^-^^  =  0-060  Ci. 
Calculating  the  percentages  in  the  blood  from  these  results,  we  obtain — 

Gram. 

Insoluble  salts 0-086 

Soluble  salts 0*678 

Total  salts 0*764 

Chlorine  0235  (Gk)BUP  Besanez). 

3.  FibriiL — Twenty  to  thirty  c.c.  of  blood  collected  directly  from  a  vein  are 
well  stirred  for  ten  minutes  or  so  with  an  ivory  or  whalebone  spoon  in  a  previ- 
ously weighed  caoutchouc-covered  bottle,  the  spoon  passing  through  a  ^t  in 
the  caoutchouc ;  weigh  again ;  and  after  it  has  stood  some  time  remove  the 
cover  and  wash  the  resulting  fibrin  with  a  little  dilute  sodic  chloride  solution. 
The  fibrin  is  then  collected  on  a  tared  filter  and  washed  with  dilute  sodic 
chloride  solution  and  then  with  pure  water;  it  is  subsequently  transferred  to  a 
dish  and  washed  there  successively  with  water,  alcohol,  and  ether,  and  after 
being  dried  at  110°  it  is  weighed  between  clipped  watch  glasses. 

4.  Fats. — Ten  grams  defibrinated  blood  or  serum  are  dried  over  a  water 
bath  and  then  in  a  hot  chamber  at  120°;  the  mass  is  pulverized,  and  is  next 
digested  repeatedly  with  ether,  and  the  ethereal  solution  evaporated.  A  yellow 
semisolid  fat  is  left  behind:  weigh  this;  then  treat  with  cold  alcohol,  when  a 
crystalline  fat  will  bo  removed  and  an  oily  fat  left  behind.  This  latter  may 
be  weighed  after  evaporating  off"  the  alcohol. 

5.  Albumens,  etc.  (u)  By  Heat  Coagulation. — Five  grams  of  blood  or 
serum  are  diluted  with  25  grams  of  water,  then  acidulated  with  dilute  acetic 
acid  and  boiled.  The  coagulum  is  collected  on  a  previously  dried  and  weighed 
filter  and  well  washed  there  with  water,  alcohol,  and  ether,  dried  at  110°,  and 
weighed.  The  coagulation  may  be  produced  by  boiling  20  grams  of  water  in 
a  large  porcelain  capsule,  and  then  adding  to  this  the  diluted  blood  or  serum; 
a  little  acetic  acid  is  subsequently  added,  and  the  boiling  continued  until  the 
albumen  has  separated  completely. 

•  If  the  liquid  from  which  the  coagulum  has  been  separated,  together  with 
the  washings  of  the  latter,  is  evaporated  to  dryness  over  a  water  bath  and  then 
at  110°  for  some  time,  and  weighed,  we  obtain  the  extractives  and  salts. 
Calcine  completely,  let  cool,  and  weigh  again;  the  loss  in  weight  corresponds 
to  the  extractiveji,  while  the  difference  is  the  weight  of  the  sohible  salts. 

(6)  By  Alcoholic  Precipitation. — To  20  or  30  grams  of  the  blood  or  serura 
neutralized  with  dilute  acetic  acid  add  10  volumes  absolute  al<u)hol,  lay  aside 
for  a  few  days;  next  collect  the  precipitate  on  a  weighed  filter,  and  after 
washing  it  with  dilute  spirit,  absolute  alcohol,  ether,  and  hot  and  cold  water 
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»  weigh  it  when  it  haa  been  cooled  over  sul-   I 
are  requiretl  the  coa^luu  sbonid  bo  luloiued   I 
luid  tlie  weight  of  the  nsh  obuiai-il  subtraoted.  ] 

(ei  Tlie  polariecopo  cun  ulso  be  employed  Id  tlie  de term  1  nation  (see  under  I 
Urine,  Boot  IV,  Chal.tcr  XIX).  1 

t>.  The  CorpilBclei.— (a)  Dcfibrinat«d  blood  is  niixeJ  with  three  times  its 
Tolumi'  of  sntiirnted  solution  of  aoclie  sulphate,  Inid  aside  for  24  houre,  and 
ihen  filtered.  The  corpuscles  remaining  on  the  filter  arc  then  plunged  into  j 
boiling  coDOeotrated  solution  of  sodio  sulphate,  and  afterwards  washed  in  dia-  J 
tilled  water,  dried,  and  woighed.  Instead  of  filtering  we  ean  decant,  and  aft«r  | 
washing  the  deposit  with  the  sodic  sulphate  b;  decautation  we  add  to  it  four  | 
times  its  volume  of  alcohol,  wliich  renders  it  insoluble.  xVfler  some  time  the  I 
the  alcohol  is  decanted  off,  the  deposit  washed  again,  dried,  and  weighed:  the  j 
the  weight  will  he  the  liwoioglobin-j-the  albuminoids  of  the  corpuscles. 

(ti)  Another  plan  for  the  estimation  of  the  corpuscles  U  lij/  tnumeralim.  I 
A  known  rolume  of  blood  is  diluted  100  times  or  so  with  a  neutral  fluid ;  of  I 
this  a  minute  cinanlity  ia  taken,  and  the  corpnaoles  in  it  counted. 

1.  M.\LASSE2'  phm  ia  tho  following:  The  finger  is  pricked  and  the  blood 
Hucked  up  into  a  fine  graduated  capillary  tube  provided  with  a  dilatiilion  near 
Its  upper  end ;  above  and  below  tlie  dilatation  is  a  murk :  by  drawing  the  blood 
U|>  as  far  as  the  lower  nmric,  and  then  drawing  up  the  artificial  serum  till  the  i 
upper  mark  is  reached,  we  have  a  mixture  containing  1  per  cent,  of  blood. 
The  two  fluids  arc  mixed  in  the  dilatation,  which  contaius  a  small  glass  bend  to 
IftHlitati!  the  intermixture.  A  10  per  cent,  solution  of  sodic  sulphate  may  be 
u«ed  as  the  artjfieial  scrum,  or  a  solution  thus  prepared :  solution  of  gum  Ara- 
Uo  (sp.  gr.  1020)  one  part,  and  a  solution  of  equal  port-"  of  sodiu  sulphate  and 
sodium  chloride  having  a  sp.  gr.  of  1020  three  parts.  The  blood  thus  diluted 
ia  next  introduced  into  a  graduated  flattened  capillary  tube,  and  a  portion  of 
this  is  examined  with  a  high  power,  the  eye  piece  of  the  microscope  being  pro- 
vided with  a  micrometer  divided  into  sTjuare  millimetres,  Tho  process  of 
enumeration  must  next  he  proceeded  with ;  and,  knowing  the  length  of  the  i 
tubes  covered  by  the  squares,  a  little  calculation  will  determine  the  corpuscles 
prcHtut  in  a  cubic  millimetre. 

(2)  Hayem's  Ttwfhoil  at  modified  hi/  Dr.  GowERs  is  effected  with  the 
following  part«;  a  small  pipette  fittL-d  with  an  elastic  tube  holding  up  to  a  i 
mark  on  its  stem  995  cubic  mm.,  a  capillary  tube  marked  t^i  contain  fi  cubic 
mm.,  a  glass  mixing  jar  and  stirrer,  and  a  brass  Bt^;e  plate  provided  with  « 
glass  slide  on  which  is  a  cell  ^  mm.  deep  and  whose  base  is  divided  into  iV  mm. 
squares.  The  mixing  fluid  consists  of  a  solution  of  sodic  sulphate  of  about 
Bp.  gr.  ID25;  !)95  c.mm.  of  this  arc  placed  in  the  mixing  jar,  and  5  c.mm,  of 
blood  fresh  drawn  from  a  puncture  in  the  finger  are  transfeired  by  means  of 
the  graduated  capillary  tube  to  the  same.  The  fluids  are  well  mixed,  and  4 
small  drop  is  transferred  to  the  centre  of  the  cell  on  the  glass  slide.  This  ia  j 
coverud,  and  the  slide  placed  on  tho  stage  of  the  microsoope.  Tho  corpuscles 
soon  sink ;  the  nnmber  in  ten  squares  is  then  counted,  and  this  being  multi- 
plied by  10,000  gives  the  (number  uf  oorpuselee  in  a  c.mm.  of  blood. 

The  blood  of  the  capilluriea  contains  5}  millions  in  each  c.nim.  (cubic  tnillU 
metre),  and  about  1  [tale  corpuscle  to  every  350  or  500  colored  corpuscles — a    i 
proportion,  however,  which  is  greatly  increased  in  certain  diseases,  and  noi- 
mally  alter  food. 

7.  TTrea. — IflO  grams  defibrinated  blond  are  placed  on  a  dialyser  that  flnata 
in  about  100  c.c.  to  20  c.c.  of  absolute  alcohol.     In  a  few  hours  the  fluids  of   1 
the  blood  holding  the  urea  in  solution  will  have  dialysed  out  into  the  alcohol.    ^ 
The  contents  of  the  dialyser,  which  solidify  after  a  time,  are  mixed  with  a  little    | 
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water  and  the  process  repeated,  so  as  to  extract  all  the  urea  present.  Some 
oxalic  acid  is  then  added  to  the  alcohol,  and  this  is  evaporated  to  dryness  on  a 
porcelain  dish.  Crystals  of  oxylate  of  urea,  with  some  fat,  coloring  matter^ 
and  sodium  chloride,  are  present  in  the  residue;  and  by  treating  the  latter 
with  petroleum  naphtha  the  oxalate  of  urea  is  left  behind,  and  it  is  to  be  dis- 
solved in  water,  mixed  with  baric  carbonate,  and  evaporated  to  dryness ;  or  the 
urea  can  be  extracted  by  ethyl  acetate  after  the  removal  of  the  light  petroleum 
(Haycrai-t).  If  the  latter  plan  is  not  adopted,  then  boil  the  dry  residue  with 
silcohol,  and  on  evaporating  the  alcoholic  solution  pure  crystals  of  urea  are 
obtained,  the  amount  of  which  can  be  determined  by  weighing,  by  decompo- 
sition with  sodic  hypobromite  after  the  addition  of  a  Uttle  sugar,  or  by  Simp- 
son's method  (see  Urea). 

8.  Uric  Acid. — This  determination  is  rarely  required  except  in  cases  of 
gout  or  rheumatism.  The  serum  (about  20  c.c.)  is  dried,  and  the  residue 
rubbed  up  with  hot  alcohol.  After  standing  some  time  the  alcohol  is  decanted, 
and  the  residue  digested  with  distilled  water  and  then  boiled,  the  watery  solu- 
tion being  filtered  and  evaporated  to  a  syrupy  consistence.  This  syrupy  fluid, 
if  allowed  to  evaporate  spontaneously,  will  soon  show  on  its  surface  small  white 
tufls  of  acicular  crystals  of  urate  of  soda.  A  few  drops  of  the  solution  will  also 
give  the  murexid  test  (Book  IV,  Chapter  VIII);  or  if  acidulated  with  acetic 
acid  and  allowed  to  evaporate,  crystals  of  uric  acid  will  form  in  abundance. 

A  rapid  modification  of  the  same  process  is  to  place  two  drachms  of  the 
serum  in  a  large  watch  glass,  acidulate  with  acetic  acid,  and  after  inserting  a 
linen  thread  in  the  fluid  set  it  aside  to  evaporate,  and  uric  acid  crystals  will  soon 
be  formed  along  the  thread  (Garrod). 

9.  Sugar. — (a)  Dilute  the  serum  with  5  times  its  volume  of  water,  add 
dilute  acetic  acid,  boil  and  filter.  The  concentrated  filtrate  is  then  tested  for 
sugar  with  Fehling's  solution  (Merino). 

(^h)  To  separate  the  albumen  more  completely  it  will  be  found  advanta- 
geous to  put  the  serum  into  a  small  capsule,  and  having  added  to  it  an  equal 
bulk  of  coarsely  powdered  sodic  sulphate  crystals,  to  boil  for  some  time ;  then 
filter,  wash  the  precipitate,  and  test  the  filtrate  with  Fehling's  solution. 

(c)  Put  the  weighed  blood  into  a  mortar  and  rub  it  up  with  sufficient  ani- 
mal charcoal  to  form  a  dry  paste;  then  mix  it  with  a  little  water  and  filter, 
washing  the  mass  on  the  filter  thoroughly  with  water.  The  filtrate  contains 
the  sugar. 

(d)  Precipitate  the  blood  with  strong  spirit  and  cover  the  coagulum  with 
4  times  its  volume  of  absolute  alcohol;  filter  af\er  4  or  5  days;  decant  the 
spirit  and  distil  it ;  extract  the  residue  with  more  alcohol,  and  evaporate  again. 
Now  test  a  solution  of  the  dry  residue  for  sugar  by  the  fermentation  process. 

(«?)  40  grams  sodic  sulphate  in  small  crystals  are  placed  in  a  beaker,  20  c.c. 
blood  added,  and  the  beaker  and  its  contents  weighed.  Stir  the  blood  and 
crystals  together,  pour  80  c.c.  of  a  hot  concentrated  solution  of  sodic  sulphate 
over  the  mixture,  and  boil  for  some  time.  Remove  the  small  coagulum,  wash 
it  thoroughly  in  more  of  the  sodic  sulphate  solution,  and  add  the  washings  to 
the  contents  of  the  beaker,  which  are  then  to  be  boiled  and  filtered.  The  fil- 
trate is  to  be  again  rapidly  boiled  with  excess  of  potassio-tartrate  of  copper 
(20  to  '30  c.c.  Fehling's  solution).  Now  filter  through  glass  wool,  and  the  sub- 
oxide having  been  collected  and  washed  with  distilled  water,  dissolve  it  in  a 
litttlo  nitric  acid  after  the  addition  of  a  few  drops  of  hydric  peroxide.  The 
dissolved  copper  has  next  to  be  electrolytically  deposited  on  a  platinum  spiral, 
the  galvanic  action  rec^uiring  to  be  steadily  and  continuously  maintained  for  at 
least  twenty-four  hours.  The  increase  in  weight  of  the  spiral,  after  it  has  been 
washed  in  water  and  spirit  and  subsequently  dried  over  a  water  bath,  multi- 
plied by  0-5078  gives  the  amount  of  glucose  (Pavy). 
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CHAPTER  X. 

PATHOLOGY  OF  THE  BLOOD, 

I.  Types  of  Pathological  Variations  (Gautier). 

1.  In  anaemia  and  chlorosis,  and  in  all  chronic  maladies  generally, 
as  a  consequence  of  hiemorrhages,  we  find  the  corpuscles  and  fibrin 
diminished  and  the  water  increased, 

2.  In  the  invasion  of  interaiittents,  in  the  decline  of  the  exanthe- 
mata (variola,  scarlatina,  etc.),  in  the  early  stages  of  phthisis,  in  ty- 
phoid conditions,  in  Bright's  disease,  and  in  some  cases  of  chlorosis, 
the  corpuscles  are  diminished^  the  fibrin  normal  or  slightly  increased^ 
and  the  water  increased, 

3.  In  plethora,  in  the  invasion  of  the  exanthemata,  in  the  reaction 
period  of  intermittents,  the  corpuscles  are  increased^  the  fibrin  normal 
or  slightly  diminished^  and  the  water  diminished.  The  water  is  also 
diminished  in  continued  fever,  diarrhoea,  and  cholera. 

4.  In  the  early  period  of  inflammatory  fevers,  as  pneumonia, 
pleurisy,  erysipelas,  and  rheumatism,  the  corpuscles  are  normal  or 
diminished^  the  fibrin  increased^  and  the  water  normal.  Later  in  these 
diseases  the  corpuscles  fall  below  the  normal. 

o.  When  in  the  course  of  a  chronic  aifection  an  inflammation  is 
lighted  up,  as  in  the  last  stage  of  phthisis  or  in  typhoid  fever,  then 
the  corpuscles  are  diminished  and  the  water  and  fibrin  increased, 

n.  The  Blood  under  Pathological  Conditions  {after  Gorup  Besanez). 

(See  table,  p.  226.) 

The  oxygen  of  the  blood  increases  in  inflamed  conditions,  and  we  generally 
find  a  greater  proportion  than  the  normal  both  of  oxygon  and  carbonic  acid  in 
the  blood  coming  away  from  an  inflamed  organ  or  tissue. 

In  septicmmia  the  colored  corpuscles  are  much  altered,  their  specific  gravity 
being  lessened,  and  some  loss  occurring  both  in  their  sahs  and  haemoglobin. 
There  is  an  increase  in  the  pale  corpuscles,  the  fats,  urea,  and  carbonic  acid, 
and  an  abundance  of  free  granules,  bacteria  also  at  times  making  their  appear- 
ance, as  well  as  an  occasional  excess  of  lactic  acid  and  ammonic  carbonate; 
and  a  diminution  in  the  amount  of  fibrin  and  albumen,  the  latter  body  also 
appearing  to  be  altered  in  quality;  further,  less  oxygen  and  glucose  are  said 
to  be  present. 

In  chlorosis  the  number  of  the  colored  corpuscles  is  lessened ;  their  size 
likewise  is  said  to  diminish  slightly,  as  also  the  proportion  of  iron  and  haemo- 
globin present  in  them.  In  this  disease,  as  well  as  in  leukaemia,  pyaemia,  and 
puerperal  fever,  the  pale  corpuscles  are  greatly  increased ;  and  a  similar  increase 
may  be  noted  in  some  cases  of  tubercle  and  pneumonia. 

The  proportion  of  albumen  is  increased  in  chyluria,  intermittent  fever, 
cholera,  in  the  early  stage  of  typhus,  and  after  drastic  purgatives,  but  dimin- 
ished in  most  diseases  in  which  the  fibrin  is  increased,  particularly  where  much 
exudation  occurs. 

The ya/«  increase  when  the  circulation  is  interfered  with;  also  in  pneu- 
CDODia,  chronic  alcoholism,  diabetes,  and  in  some  cases  of  acute  and  chronic 
poisoning. 

15 
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While  normal  blood  furDishes  from  0*1  to  0*4  per  cent,  of  dry  fibrin^  the 
proportion  has  been  found  as  high  as  1  to  1  '2  per  cent,  in  acute  erysipelas,  and 
from  0*5  to  1  per  cent,  in  acute  pneumonia.  An  increase  occurs  in  the  early 
stages  of  typhus,  dysentery,  puerperal  fever,  chlorosis,  scurvy,  and  Bright's 
disease ;  in  hydrFsmia  it  is  diminished. 

Leucia  and  tyrosin  make  their  appearance  in  the  blood  in  most  cases  of 
yellow  atrophy  of  the  liver. 

m.  Alterations  produced  by  Certain  Toxic  and  other  Agents, 

Haemorrhage,  etc. 

The  proportion  of  suffar  is  frequently  increased  after  poisoning  with  chloro- 
form, chloral,  curara,  nitro-benzol,  and  amyl  nitrite. 

In  letid  poisoning  the  corpuscles  are  diminished  in  number,  but  their  indi- 
vidual volume  is  said  to  be  increased. 

Antimonial  compounds  act  rapidly  on  the  blood,  increasing  its  fat  and 
cholesterin,  and  apparently  diminishing  its  gases,  and  giving  it  an  anaemic 
character.  Under  the  use  of  arsenic  the  fat  and  cholesterin  increase ;  and  in 
cases  of  antimonial  as  well  as  arsenical  poisonings  the  biliary  acids  have  been 
noticed  to  be  increased. 

Under  the  influence  of  plwsphorus  the  fat,  cholesterin,  and  fibrin  increase, 
the  albumen  diminishas,  and  the  corpuscles  arc  altered,  the  hii3moglobin  occa- 
sionally appearing  to  become  crystalline  in  their  interior. 

Quinine  and  cdcohol  are  said  to  increase  the  volume  of  the  corpuscles, 
while  morphine  and  carbonic  acid  produce  the  inverse  effect  (Manassein). 

Bile  or  the  biliary  acids  injected  into  the  vessels  cause  a  crystallization  of 
the  hnemoglobin,  the  corpuscles  undergoing  much  alteration,  the  blood  being 
rendered  ana)mic  and  its  fat  and  cholesterin  increased.     In  many  cases  of 
jaundice  it  is  possible  that  somewhat  similar  results  are  gradually  induced. 

Sidphnretted  hydrogen  renders  the  blood  brown  and  then  greenish  in  tint ; 
'Carbonic  oxide  gives  it  a  cherry  red,  chhrine  gas  a  greenish  yellow,  and  arseni- 
uretted  hydrogen  a  brownish  ochre  coloration — phosphurettcd  and  antimouetted 
liydrogen  having  a  similar  but  weaker  action  than  this  last  gas.  Under  the 
influence  of  nitrous  oxide  there  is  a  tendency  to  a  displacement  of  the  oxygen 
of  the  corpuscles,  the  exhalation  of  the  carbonic  acid  at  the  same  time  being 
^iiminLshed;  the  blood  has  at  first  a  dark  tint,  but  it  afterwards  assumes  a  bright 
red  color ;  there  Ls  further  an  increased  excretion  of  water,  urea,  and  uric  acid 
ty  the  kidneys. 

In  animals  poisoned  by  nitrites^  as  nitrite  of  amyl,  the  blood  is  of  a  choco- 
late color,  with  abundance  of  methjcmoglobin  (Hoppe  Seyler). 

As  the  result  of  Jueniorrhages  the  corpuscles  diminish  in  number,  but  the 
£brin  appears  to  increase  (Delafond),  although  some  maintain  the  contrary. 
Bleeding  increases  the  water  and  lessens  the  oxygen,  but  it  aflects  slightly  or 
not  at  all  the  proportion  of  albumen  and  salts.  The  blood,  however,  rapidly 
recovers  its  normal  condition. 

In  dogs  that  were  allowed  to  eat  freely  after  blood-letting  it  was  found  that 
\7hile  the  proportions  of  the  inorganic  constituents  of  the  serum  remained  con- 
stant the  organic  solids  diminished  suddenly  and  continued  to  diminish  for 
several  hours;  after  which  time  they  began  to  increase,  and  continued  to  do  so 
till,  after  14  days,  they  exceeded  the  normal  quantity.  When,  on  the  other 
liand,  the  dog  was  kept  without  food,  it  wjis  found  that  tlie  solid  substances  of 
the  serum,  which  had  diminished  immediately  after  the  blood-letting,  began  to 
increase  sooner  than  in  the  former  case,  so  as  to  exceed  the  normal  amount 
after  two  days.  In  this  experiment  it  was  noticed  that  when  food  was  given 
to  the  animal  the  proportion  of  solids  in  the  serum  immediately  diminished. 
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Diffei-enI  orgatmmt  are  ocmsionally  to  be  met  with  in  pathological  litiM 
In  tuberculuMV!,  for  examjile.  bacilli  ure  present  in  great  numbers,  and  appecFfl 
to  be  the  muse  of  the  diMeaM.  ITiey  may  be  detected  in  the  wnim  by  n  mix-  1 
tare  of  iiiknline  methylene  blue  and  vesuvine,  whereby  they  alone  are  colored' J 
bloe  ^KocB,  Bacuuabtek,  Tol'ijsaint). 


CHAPTER  XL 
LYMFB  AXn  CHYLE. 

The  lymph  carries  iLtu  the  blood  the  products  of  the  functioDil 
activity  of  the  Ijiupliatic  glands,  as  well  as  of  the  retrogressive  metumoiv  I 
phosis  of  the  different  tissues  of  the  body.  While  the  chyle  is  thfl'l 
assimilable  extract  of  the  chyme,  the  lymph  may  be  regarded  in  great  1 
part  as  the  overflow  of  the  interstitial  fluid  which  is  constantly  beingl 
renewed  and  modified  by  the  blood.  I 

While  an  animal  is  fasting  its  chyle  is  clear  and  tnuisparent,  and  J 
the  same  can  be  said  for  the  Ij'mph  in  the  thoracic  duct ;  indeed,  i ' 
cmtents  of  the  Incteuls  and  lymphatics  may  be  said  to  be  identici 
until  after  a  meal,  when  the  fluid  in  the  lacteals  and  in  the  duct  1 
comes  milky  in  appearance,  owing  to  its  being  charged  with  i 
particles, 

I.  LYHPH.  AmoTint.— It  is  very  difficult  to  form  a  correct  es^l 
mate  uf  the  total  amount  of  lymph  and  of  the  intei'stitial  fluids  of  thft'l 
body.  All  the  constituent  parts  of  the  tissues  and  organs  are,  wft:! 
know,  bathed,  as  it  were,  in  an  interstitial  fluid,  which,  together  witikl 
the  contents  of  the  lymphatic  vessels  iu  direct  continuity  with  thfti 
interstitial  spaces  containing  this  fluid,  has  been  estimated  as  high  uij 
one-third  to  one-fourth  the  weight  of  the  body. 

Of  chyle  and  .lymph  it  is  reckoned  that  for  every  :I20  lbs.  of  body" 
weight  about  13^  lbs. — that  is,  n  ijuantity  of  fluid  etjual  to  the  whola 
blood — pass  through  the  thoracic  duct  in  the  twenty-four  hours,  a' 
7j  lbs.  being  chyle  from  the  intestine  und  6  lbs.  lymph  from  llie  tii 
(Schmidt). 

PhyaicaJ  Fropertiea.— Lymph  is  a  transparent,  whitish,  opalcscent^J 
or  even  yellowish  or  faintly  reddish,  slightly  viscid  fluid,  that  is  lee 
alkaline  than  blood,  and  having  a  density  of  1022  to  1037,  or  occa-l 
sionally  ua  high  aa  1045  (Kkimer).  When  remove<l  from  the  body,J^ 
lymph  coagulates  in  five  to  twenty  minutes.  It  consists  of  plasmsl 
aad  corpuscles.  The  latter  are  identical  with  tho  pale  corpuscles  of  th«'l 
blood,  and  are  chiefly  derived  from  the  lymphatic  glands,  fi-om  whidl  ■ 
^6  lymph  is  constantly  carrying  these  bodies  in  great  numbers  into  the 
blood.  At  certain  poinle  of  its  course  the  lymph  also  ( 
&tty  granules  like  those  of  chyle,  and  colore<l  corpuscles 
ftlty  met  with. 
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Chemical  Composition.— Lymph  is  very  variable  in  composition.  It 
may  be  stated  generally  to  be — 


Water 93  to  98    per  cent. 

Solids 6  "    2         " 

Albumen ....    32  to  0-3      " 

Fats      .    . 

Extractives 

Ash 0  7  "    0-8      " 


.         .         .       01/  "^^ 


The  soUds  average  about  4  to  4*6  per  cent.,  and  the  sodic  chloride  about 
0*6  per  cent.  (Nasse). 

Human  Lymph^  etc. 

((iUBLKRand       (Hexsen  and 
(Schmidt.)  Qukvexxe.)       Daiixhardt.) 

Water 9639  9348                98*52 

Solids 3-6  6-52                  1*48 

Fibrin —  06 

Globulin  sul)8tances  and  .  ■\  n 

serum  albumen     .     .     .  |  4'28  f 

Fats,  cholesterin,  lecithin    V29  O'Ol   >              0*68 

Extractives 1  0  43  1 

Sugar }  005  J 

Salts —  0-82                  0-79 

Sodic  chloride  ....    0*54 

Soda 015 

Ash  of  Human  Lymph  (Dahnhabdt,  in  100  parts  of  Ash). 

Sodic  chloride 7484 

Soda 10-35 

Potash 3-22 

Lime 0*93 

Magnesia 0*26 

Phosphoric  acid 1'09 

Carbonic         "       821 

Sulphuric       "       1-27 

Ferric  chloride 006 

The  .sodic  chloride,  it  may  be  soon,  is  spociiilly  abundant,  and  the  phos- 
phates very  scanty. 

Schmidt  gives  the  following  analysis  of  the  lymph  of  a  cow  : — 

Serum 95*52 

Clot 4*42 

In  1(K»  parts  In  1(K)  parts 

MtTuni.  clot. 

Water 9576  90*73 

Fibrin —  4*86 

Other  albumens 3*20 

Fats 012  3*43 

Organic  matter 0*17 

Salts 0  74  0*96 

Sodic  chloride 0*56  0*60 

Soda 013  006 

Potash 0*01  010 

Sulphuric  and  phosphoric  acids 

and  earthy  phosphates    .    .  0*04  0*23 

The  lymph  cells  contain  an  excess  of  pota.sh  and  phosphoric  acid  a.s  com- 
pared with  the  senmi,  the  latter  having  an  excess  of  soda.  The  serum  also 
contains  in  suspension  a  few  fatty  granules  and  some  pale  corpuscles ;  about  2 
to  3  per  cent,  or  even  more,  of  albumens  coagulable  by  heat,  and  0*2  to 
0*3  per  cent,  of  proteids  not  coagulable  by  heat,  but  precipitable  by  alcohol ; 
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further,  it  contains  more  urea  than  is  present  in  chyle  Cabout  0*019  per  cent, 
in  tlic  cowj,  and  grape  sugar  is  always  present  (about  0'16  per  cent,  in  the 
dog). 

Gases  in  100  Volumes  of  Lymph  at  0°  and  760  mm.  (Hammabsten). 

Oxygen 00    to    010 

Nitrogen 112   "     182 

Garbonic  acid STS     "    4713 

The  carbonic  acid  gas  is  more  abundant  than  in  arterial,  but  less  so  than 
in  venous  blood,  the  tension  in  venous  blood  equalling  3*1)  and  that  in  lymph 
3 '47  jKjr  cent. 

II.  GHTLE. — This  fluid  is  the  assimilated  extract  of  the  chyme, 
being  absorbed  from  the  digested  food  by  the  intestinal  villi,  and  form- 
ing the  material  from  which  the  blood  is  constantly  renewed. 

Physical  Properties. — It  forms  a  milky  white,  or  occasionally  a 
yellowish  or  reddish  opaque  fluid,  having  an  alkaline  reaction,  a  faint 
smell,  a  saltish  taste,  and  a  specific  gravity  varying  between  1007 
and  1022. 

In  its  passage  from  the  intestine  into  the  receptaculum  chyli  the 
chyle  undergoes  important  modifications.  At  first  it  contains  albumen 
in  solution,  and  oily  matter  in  a  state  of  fine  subdivision — the  molec- 
ular base — and  is  uncoagulable  ;  but  as  it  passes  onwards  and  has 
traversed  a  lymphatic  gland,  corpuscles  (about  -^^^  inch  in  diameter) 
begin  to  show  themselves ;  these  afterwards  increase  in  size  (-5-3^  ^ 
^j^^)  and  acquire  a  more  distinctly  cellular  character,  the  fine  granu- 
lations at  the  same  time  diminishing  greatly  in  number ;  and  the  fluid 
becomes  coagulable  from  the  presence  of  fibrin.  Large  granulations 
are  also  met  Avith,  probably  cUhris  of  the  corpuscles,  and  also  colored 
corpuscles  in  the  way  of  development.  The  chyle  therefore  becomes 
impoverished  in  solids,  and  particularly  in  albumen  and  fatty  matters, 
in  its  onward  progress,  and  enriched  in  corpuscles  and  fibrin. 

Chemical  Composition. — The  composition  of  the  chyle  is  very  vari- 
able not  only  in  different  animals  but  also  in  the  same  animal  at  difl^er- 
ent  times.  It  is  made  up  of  formed  elements  that  float  in  a  plasma. 
Of  the  former  there  are  pale  corpuscles  identical  with  those  of  lymph ; 
a  few  colored  corpuscles,  especially  in  the  thoracic  duct;  also  the 
molecular  base,  consisting  of  finely  granular  fatty  particles. 

The  plasma  generally  coagulates  pretty  rapidly,  and  gives  a  fibrin 
clot  and  serum.  Fibrin  is  absent  before  the  chyle  has  passed  through 
the  lymphatic  glands.  The  clot  becomes  pink  in  the  air,  owing  to  the 
presence  of  immature  colored  corpuscles. 

The  serum  contains,  dissolved  in  water,  the  following  con- 
stituents : — 

(a)  (rlobuliu.  alkali  albuminate,  sorum  albumen,  and  peptones  in  small 
amount,  rif^injx  during  di^rcstion  to  ()(]  to  0*7  per  cent. 

(h)  Cholesterin,  lecithin,  and  fatty  soaps. 

(c)  drape  su;zar,  varyinir  in  amount  from  mere  traces  to  as  high  as  2  per 
cent. ;  and  a  diastatic  ferment  in  traces. 

{(1)  Urea  (probably  a  constituent  of  the  intermixed  lymph)  and  alkaline 
lactates  (espeeially  in  the  herliiyora  and  after  starchy  f(LK)d). 

(e)  InorgcUiic  salts  of  the  alkalies  and  alkaline  earths,  iron,  phosphoric 
acid.  etc. 
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Analysis. 

Human  Chyle  (O.  Rees).  Chyle  of  Dog  (Hoppe  Seyleb). 

Per  cent.  Per  cent. 

Water 9048  9007 

Solids 9-52  902 

Fibrin     . a  trace  O'll 

Albumen 708  210 

Fats,  lecithin,  cholesterin,  etc.    0*92  6*48 

Extractives 10    Fatty  acids, 

soaps,  etc.  0*23 

Salts 0-44  0-79 

In  the  ether  extract  of  chyle^  obtained  from  a  human  fistula,  the  following 
bodies  were  present  in  the  100  parts  :^ 

Cholesterin 11-3     to  141 

Lecithin 75      "  88 

Olein • 381)    u  ^.. 

Palmitin  and  stearin 43.0  / 

Chyle  of  ffor»e  (C.  Schmidt). 

Serum 96*74 

Clot 3  25 

Water 95*85  88*7 

Solids 415  11-2 

Fats 005  015 

Soaps 003  003 

Fibrin —  3*89 

Albumen,  sugar  and  extractives  308  6*59 

Hrcmatin —  0*20 

Sodium  chloride      ....  0*59  023 

Soda Oil  013 

Potash 001  0*07 

Phosphates  and  sulphates, etc.  003  0*11 

The  mineral  salts  of  chyle,  which  appear  to  be  the  same  as  those  of  liquor 
sanguinis,  vary  from  0*7  to  1*4  per  cent.,  and  of  these  the  chief  arc  salts  of 
the  alkalies.  A  diastatic  ferment  is  also  stated  to  be  present  (Groh^),  and 
the  sugar  is  said  sometimes  to  amount  to  as  much  as  2  per  cent.  (Colin). 
When  the  animal  has  been  fed  on  a  purely  fatty  diet,  aw  much  as  14*6  per 
cent,  of  fat  has  been  found  in  the  contents  of  the  thoracic  duct  (Zawilski). 
In  a  fasting  animal  the  chyle  is  poorer  in  water  and  richer  in  solids,  particularly 
corpuscles,  fibrin,  and  albuminoids,  than  during  digestion. 

Methods.—!.  Kill  a  rabbit  that  has  been  well  fed  some  three  or 
four  hours  previously,  and  having  opened  its  abdomen  and  drawn  out 
a  portion  of  the  small  intestine,  try  to  collect  a  little  chyle  by  plunging 
a  capillary  glass  tube  into  the  intestinal  wall. 

2.  Examine  a  drop  of  this  on  a  slide,  and  observe  the  pale  corpus- 
cles, which  so  closely  resemble,  and  in  fact  are  identical  with,  those  of 
the  blood,  and  which  lie  in  the  midst  of  a  mass  of  fine  granules,  mainly 
fatty  in  their  nature — the  so-called  molecular  basis. 

3.  Now  irrigate  with  ether  and  note  that  the  granules  do  not  dis- 
appear, but  that  they  will  do  so  if  (4)  a  drop  of  caustic  potash  or  acetic 
acid  has  been  previously  added,  showing  that  the  particles  are  invested 
by  an  albuminous  coating  that  keeps  them  from  coalescing. 
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5.  The  rest  of  the  chyle  in  the  capillary  tube  should  be  examined 
from  time  to  time  under  a  low  magnifying  power,  and  it  will  soon  l>e 
seen  to  coagulate,  white  threads  of  fibrin  separating,  as  in  the  coagu- 
lation of  liquor  sanguinis. 


CHAPTER  XIL 

8ER0SITIES   AND    TBANSUDATI0N8. 

In  health  the  amount  of  serosity  is  very  slight.  It  is  generally 
clear  with  a  yellowish  tint  and  an  alkaline  reaction,  and  is  coagulable 
by  heat;  it  contains  many  of  the  blood  constituents,  and  among  others 
one  or  more  of  the  fibrin  generators,  fibrinogen,  being  the  more  com- 
mon. Some  of  the  fresh  transudations  coagulate  rapidly  spontaneously, 
while  others  require  the  addition  of  ferment  and  paraglobulin,  and 
others  again  furnish  no  coagulum.  Normal  transudations  are  quite 
transparent,  but  those  occurring  in  pathological  conditions  are  oft^n 
opaque,  occasionally  milk  white  or  brown,  and  frequently  contain  pus 
or  epithelial  cells,  fat  granules,  cholesterin  plates,  and  altered  blood. 
Normal  transudations  are  poorer  in  solids,  and  particularly  in  albu- 
minoids, than  blood  serum. 

1.  Physiological  Transudations. — Human  amniotic  fluid  is  a  yellow  or 
brownish,  oft^n  turbid,  weakly  alkaline  or  neutral  fluid,  having  a  very  variable 
specific  gravity  (1002  to  1028).  After  the  eighth  or  ninth  week  the  secretion 
of  the  Icetal  kidneys  is  mixed  with  it.  Among  the  constituents  of  the  amni- 
otic fluid  we  find  mucin,  globulin,  a  vitellin-like  body,  and  urea;  lactic  acid, 
kreatinin,  grape  sugar,  alkaline  carbonates,  and  free  carbonic  acid  have  also 
been  found  in  this  fluid  in  some  animals.  The  sediment  consists  of  mucus  cor- 
puscles and  epithelial  cells.  In  the  early  months  it  is  richer  in  solids,  particu- 
larly albumen,  than  it  is  at  a  later  period. 

Cfn'ihro-sjnnal  JluvJ  is  clear  and  strongly  alkaline;  its  proportion  of  solids 
is  small  (11  to  1J>  jjer  cent.),  and  it  is  particularly  poor  in  organic  constituents. 
Potash  salts  are  more  abundant  in  this  fluid  than  soda  salts,  though  sodic 
chloride  mav  sometimes  be  the  chief  inorganic  constituent  and  constitute  half 
the  total  ash,  the  potassic  phosphate  only  forming  about  a  third.  A  body  is 
also  present  resembling  sugar,  except  in  being  devoid  of  polarizing  action  tm 
liirht.  In  fractures  of  the  base  of  the  skull  this  fluid  sometimes  exudes  bv 
the  ear. 

The  pericanlial  fluid  generally  contains  fibrinogen  and  fibrinoplastin,  and 
accordingly,  like  blood,  may  coagulat<j  spontaneously,  but  fibrinoplastin  may  be 
absent.  It  is  the  richest  in  fibrinogen  of  all  tlie  normal  seroiLS  fluids,  and 
contains  about  4*5  ])er  cent,  solids,  of  which  07  i)er  cent,  is  inorganic  and  3*8 
per  cent,  organic,  2'5  per  cent,  being  albmninous  in  its  nature.  The  amount  of 
this  albumen  falls  in  cirrh(>sis  of  the  liver,  but  rises  in  Bright's  disease. 

The  aqueoHs  humor  is  clear  and  transparent,  weakly  alkaline,  and  has  a  spe- 
cific gravity  of  1003  to  100{).  and  contains  about  0*7  per  cent,  of  sodium 
chloride  and  005  j)er  cent,  of  potassic  phosphate. 

The  synovia  is  the  liquid  secreted  by  the  synovial  membrane  of  joints.  It 
is  closely  allied  to  mucus,  and   in  its  formation  a  somewhat  similar  process 
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possibly  occurs.  Synona  is  a  clear,  yellowish,  more  or  less  viscid  and  thready, 
alkaline  liijuid,  containing  much  mucin ;  it  is  especially  rich  in  solids,  consisting 
of  albumen,  fatty  granulations,  and  salts,  especially  sodium  chloride  and  traces 
of  alkaline  carbonates  and  sulphates;  its  composition,  however,  is  not  constant, 
and  it  is  affected  by  the  condition  of  the  joint  as  to  rest  or  activity:  with  much 
exertion,  attended  with  increased  movement  of  the  joint,  for  example,  the 
syno^^a  diminishes  in  quantity,  becoming  more  viscid,  its  albumen  and  mucin 
auirmentin<r  and  its  water  and  salts  decreasing;. 

From  the  joint  of  an    From  the  ji>int  of 
ox  at  rest  (stall-red).       a  grazing  ox. 

Water 969  94>l 

Solids 31  5-2 

Mucin 0-24  0-56 

Albumen  and  extractives     .     .  To?  .T51 

Fat« 006  007 

Salts 113  0  99 

II.  Morbid  or  Pathological  Serosities  or  Transudations.— Those  are 
produced  at  the  free  surface  of  serous  membranes.  In  the  normal  state  a 
senms  membrane  is  simply  moist,  but  in  many  diseases  a  copious  exudation 
occurs. 

The  character  of  the  liquid  differs  considerably,  according  to  the  seat  of  its 
prrniuction  and  to  the  presence  or  absence  of  inflammation^  in  the  latter  ca.se 
the  exudation  not  being  so  rich  in  albumen,  salts,  fatty  matters,  and  extractives. 
The  age  of  an  exudation  considerably  affects  its  solids,  as  the  water  may .  be 
ab-sorbed.  and  accordingly  a  grciiter  density  produced ;  the  same  may  also  take 
place  if  much  fluid  is  lost  in  any  way  by  the  system  at  large,  as  after  profuse 
diarrhoea  or  sweating.  Less  albumen  also  is  likely  to  be  present  if  there  is  any 
cuntinuous  loss  of  this  body,  in  consequence  of  haemorrhages,  or  in  Brights 
disejtse. 

The  ordinary  constituents  of  a  transudation  are  water,  serum  albumen, 
fibrinogen,  fats,  soaps,  cholesterin,  and  inorganic  salts;  also  carbonic  acid  gius 
and  traces  of  oxygen  and  nitrogen. 

Fluid  of  anasarca  is  clear  and  watery,  occasionally  slightly  yellowish  in  tint, 
having  an  alkaline  reaction  and  a  specific  gravity  of  1005  to  10 10.  It  contains 
serum  albumen  about  05  per  cent. ;  urea,  01  to  02  per  cent. ;  and.  if  fresh, 
<rrape  .sugar  003  to  0*08  i)er  cent. ;  of  carbonic  acid  gas  there  is  present  about 
17  ftor  cent,  loosely  and  7  to  24  per  cent,  closely  combined,  tog(jther  with  traces 
of  oxygen  and  nitrogen. 

Ascitic  fluid  has  a  specific  gravity  of  1008  to  1012;  the  inorganic  constit- 
uents amount  to  0*7  to  01)  per  cent.,  while  the  organic  vary  very  much.  The 
eoli>r  is  generally  yellow  and  the  reaction  alkaline.  After  frequent  tappings  the 
solids  diminish  in  (juantity ;  an  increase  in  the  solids,  however,  is  a  favorable 
sign  (MfcHU).  A  poverty  in  the  saline  constituents  may  also  be  looked  on  as 
a  sign  of  imperfect  nutrition.  The  proportion  of  fibrinogen  is  less  than  in  a 
pleural  effusion.  Among  its  organic  elements  are  found  urea,  uric  acid,  kreatin, 
xsinthin.  and  cholesterin.  It  contains  about  1()  per  cent,  of  carbonic  acid  gas, 
about  37  per  cent,  of  which  is  loosely  combined ;  there  are  also  traces  of  nitro- 
gen and  oxygen.  The  ascitic  fluid  from  a  ca.se  of  tubercular  peritonitis  may 
show  a  milky  layer  on  its  surface  after  standing.  In  some  forms  of  ascites 
also  fatty  granules  are  suspended  in  the  fluid,  and  in  cancer  of  the  liver  a  ja-e- 
cipitate  may  be  given  with  basic  lead  acetate  which  becomes  blue  on  standing. 

Phuritic  fluid, — The  normal  secretion  is  too  small  to  admit  of  analysis ; 
in  abnormal  effusions,  however,  it  is  abundant,  having  a  specific  gravity  of  1005 
to  1020,  or  if  any  pus  is  present  the  density  may  be  as  high  as  1020.     The 
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reaction  is  alkaline  unless  the  fluid  is  very  purulent,  when  it  may  even  be 
weakly  acid.     The  solids  generally  amount  to  5  to  7  per  cent.     The  carbonic 
acid  gas  varies  between  40  and  60  per  cent.,  but  the  presence  of  pus  dimin- 
ishes this  proportion  greatly,  for  with  a  purely  purulent  effusion  it  may  fall  to 
8  per  cent. ;  only  mere  traces  of  nitrogen  and  oxygen  show  themselves. 

The  fluid  of  ovarian  cysts  contains  paralbumin  and  mucin,  as  well  as  differ 
ent  colloids  and  pei)tone8;  it  is  often  of  a  glairy  consistence.     The  fluid  o 
strumous  cysts  is  generally  brownish  red,  thin,  and  strongly  alkaline:  it  fre 
quently  clots  on  cooling,  and  contains  a  body  like  paralbumin.    In  echinococcti 
cysts  the  fluid  is  mostly  colorless,  neutral,  and  weakly  opalescent,  containing 


1*4  to  2  per  cent,  of  scilids,  and  having  a  specific  gra^'ity  of  lOOC  to  1015- 
The  iimount  of  albumen  is  insignificant ;  sugar  is  often  present  in  about  i  penac: 
cent.,  inosit  in  about  1  })er  cent.,  together  with  traces  of  urea,  kreatin.  aniFL:: 
succinic  acid. 

The  hydrocele  fluid,  according  to  Mfinr,  is  very  rich  in  solids — even  morc^ 
so  than  blood  serum ;  fibrinogen  is  abundant,  and  fibrinoplastin  is  not  alwayms. 
wanting,  although  it  is  never  present  except  in  very  slight  amount,  and  only  inar 
a  small  proportion  of  cases. 

In  the  fluid  of  intestinal  Jinxes  the  potash  salts  generally  exceed  those  ot 
soda,  and  a  considerable  amount  of  phosphoric  acid  is  present ;  sometimes  alsc^ 
albumen,  much  mucus,  and  blood. 

Reference  has  already  been  made  to  the  (^ases  of  these  different  truMuda 
tions,  which  usually  contiiin  from  40  to  CO  per  cent,  carbonic  acid  gas,  exhi 
iting  a  high  degree  of  tension;  1  to  2  per  cent,  nitrogen,  and  0*1  to  0*6  pe 
cent,  oxygen.     Pleuritic  effusion  and  fluid  of  hydrothorax  contain  from 
to  84  per  cent,  carbonic  acid  gas;  hydrocele  fluid,  about  65  per  cent. ;  dropsi 
fluid  of  the  extremities,  81  per  cent. ;  peritoneal  fluid,  about  14  per  cent, 
oxygen  and  nitrogen  proi)ortions  varying  from  i  to  2  per  cent,  have 
t)btaiued,  the  nitrogen  being  more  abundant  than  the  oxygen  (EwALD 
Planer). 

I.  Transudations  in  a  Case  of  Albuminuria  (Schmidt). 

PltMira.        Peritoneum.        Cerebral    Areolar  tfcwuc  of 

ventricle!*,      extremities. 

Water    .     .     .     mii9  9789  98'35  9887 

Solids     .     .     .       3  60  210  1*64  113 


Organic        .      285  113  079  036 

Inorganic    .      075  097  0*84  0*77 
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Compared  with  the  blood  serum  it  will  be  seen  that  the  fluids  of  these  trans- 
udations are  richer  in  water,  poorer  in  albumen,  still  poorer  in  fibrin  genera- 
tors, but  relatively  richer  in  crystalline  constituents.  The  pleural  transudation 
is  richest  in  albumen  and  solids;  then  follow  the  peritoneal,  cerebro-spinal,  and 
subcutaneous  oedematous  effusions. 


CHAPTER   XIII. 

PUS  AND  MUCUS. 


I.  PUS  is  a  creamy,  opaque,  yellowish  white  or  greenish  gray  fluid, 
produced  as  one  of  the  conse({uences  of  inflammation.  It  is  made  up 
of  corpuscles  floating  in  a  serous  fluid.  The  corpuscles  resemble,  if 
they  are  not  identical  Avith,  the  pale  corpuscles  of  the  blood;  they  ap- 
pear to  be  derived  chiefly  from  the  blood  by  a  morbid  migration  of  its  pale 
corpuscles,  although  it  is  also  very  probable  that  some  of  them  are 

derived  from  a  later  proliferation  of  the 

^       ^  connective  tissue  or  other  corpuscles  in 

(§iO    &        ^,-vf^...-..  the  inflamed  tissue.      Frequently  also 

^^  ^  (^-   ^        />s?^'^^'        ^^^    ^^^    granulation   corpuscles,    free 

^       T-  ''^--'S^iM-y  ^     molecules,  molecular  debris,  and  fatty 

^  O    "  ©  •'^■'/t.'         particles.     Its  reaction  is  neutral  or  very 

ig;   ^  @  slightly  alkaline,  this  depending  on  the 

presence  of  alkaline  carbonates  and  basic 

FU..  22.— Pus  A>I)  Mucus  COKPUS(LF-S.  *,  1       ,  1     •.    1  J  'i 

phosphates;  and  it  has  a  mean  density 

<r,  in  a  neutral  li-iuM:  ^.  after  the  anion        of  1U8"2.       The  SCrUlU   closclv  rCSemblcS 
«»t  dilute-  melic  aci<l ;  c,  mucu>  from  .  /»    i  i        i  i       i-i  •* 

uiiu.'.  tliat   ot    blood,    and,    like   it,    contains 

serum  albumen,  fibrinoplastic  material, 
a  casein-like  bodv,  and  another  bodv  like  myosin:  lecithin,  cholesterin, 
fatty  acids,  and  probably  also  xanthin  and  leucin  are  likewise  present, 
particularly  in  altered  pus,  together  Avith  about  eight  per  cent,  loosely 
combined  carbonic  aiiliydride  and  a  little  hydrogen  and  nitrogen.  In 
st'jiticaMnia  the  carbonic  anhydride  and  hydrogen  increase  considerably, 
scions  pus  being  especially  rich  in  these  gases. 

T/if  proportion  of  corpiisclfS  and  serion  is  vtiruihh: :  fresh  pus  of  most 
larixi'  al).<ccs.sc8  contains  17  to  29  per  cent,  of  corpuscles;  the  pus  of  some  in- 
fiannnatinns  (meningitis,  iritis,  etc.)  may  be  made  up  almost  entirely  of 
corpuscK's;  while,  on  the  other  hand,  the  pus  coining  from  inflamed  bones  may 
Miiiy  contain  li")  to  .*>  per  cent,  of  these  bodies. 

To  sf'jffirafe  tJie  corpuscles^  dilute  the  pus  with  a  solution  of  sodic  sulphate 
(1  part  .sUurat(?d  .solution  to  9  j)arts  of  water)  or  of  baric  nitrate  (1  part  pus, 
5  water,  5  concentrated  solution  of  baric  nitrate).  After  s(mie  hours  the  cor- 
j»n>cles  can  be  obtained  by  decantation  and  then  washed  with  more  of  the  same 
fluid. 

The  scrum,  thoujrh  containing  in  great  part  the  .same  components,  differs 
very  considerably  from  blood  plasma.  They  may  be  chtssified  into  albuminoids, 
as  .^<MUin  albumen,  serum  ca.sein,  nnclein,  etc.;  fats,  as  oleatcs,  palmitales,  and 
oleo-pliosphoric  acid ;  extractives,  and  a  group  consisting  of  protagon,  lecithin, 
and   cholesterin :   also  inorganic  salts,  as  sodium   chloride,  calcic   phosphate, 


r- 
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carbonate  and  sulphate,  and  earthy  phosphates;   and  gases,  chiefly  carbonic 
add.    In  some  kinds  of  pus  chondrin,  mucin,  glutin,  etc.,  have  been  met  with. 
Pus  generally  gives  a  mean  dry  residue  of  12*7  per  cent.,  but  this  is  very 
;ariablc. 

I.  Analysis  of  Pus  from  Abscess  of  Cheek. 

Per  cent. 

Water 7(iy 

Solids   .     .     ; 231 

Albumen  and  dried  corpuscles 18*0 

Fat  and  cholesterin 2*4 

Extractives 1*9 

Alkaline  and  earthy  salts 0'9 

II.  Mean  of  Three  Analyses  of  Pus  (T.  C.  Charles). 

Water 8827 

Solids 11-73 

Albumens 802 

Watery  extracts r39 

Alcoholic     *'  0-38 

Leucin,  ty rosin,  and  certain  extractives   .    .    .  0*08 

Cholesterin 0*34 

Lecithin,  cerebrin,  etc •    .    .     .    .  0*38 

Fats 006 

Inorganic  salts       1*08 

Sodic  chloride 0*65 

Potassic  phosphate 0 19 

Sodic  '*  009 

'*      carbonate       0V6 

Calcic  phosphate 006 

Sodic  sulphate 003 

III.  Dried  Pus  Corpuscles  (Hoppe  Seyler). 

Per  cent. 

Albumen 13*43 

Xuclein 33*45 

Lecithin 7*04 

Fats 7*01 

Cerebrin 508 

Extractives 4*33 

Insoluble  bodies 20*07 

Organic 97*63 

Sodium  chloride 0*14 

"        phosphate 0*61 

Pot;issic        **  1*20 

Earthy  and  iron  phosphates 0*42 

Inorganic       2*37 

IV.  Ash  of  Pus  (Miescher). 

Per  cent. 

Serum  contains  about 0*75 

Dry  corpuscles  contain  about      ....    2*8 

Ash  of  Corpuscles. 

Per  cent. 

Potassic  phosphate 1*2 

Sodic  "  06 

Phosphoric  acid  in  organic  combination     ....  0*5 

Earthy  phosphates 0*4 

Sodic  chloride 0*1 

2*8 
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The  pus  will^therefore  be  seen  to  resemble  lymph  closely;  where,  however, 
pus  has  lain  long  in  an  absceas  we  may  meet  with  peptones,  leucin,  and  tyrosin. 

To  amdyse  pus  add  to  it  a  dilute  solution  of  sodie  sulphate,  and  after  mxi% 
time  the  corpuscles  will  settle,  when  the  serum  can  be  decanted.  Boil  a  little 
of  the  scrum,  and  a  coagulum  of  serum  albumen  will  be  obtained ;  filter,  dilute 
the  filtrate  with  much  water,  and  add  a  little  acetic  acid :  a  myosin-like  body  is 
precipitated.  Filter  again,  and  test  for  gelatin  and  chondrin,  which  are  oc- 
casionally })rcsont,  adding  to  one  part  a  strong  solution  of  mercuric  chloride, 
which  precipitates  gelatin,  and  to  the  other  part  a  strong  solution  of  alum, 
which  precipitates  chondrin. 

To  test  for  the  cholesterin,  lecithin,  fatty  and  albuminous  materials  con- 
tained in  the  corpuscles,  consult  the  directions  given  under  these  different 
bodies,*  or  follow  the  table  given  on  p.  241. 

The  puB  carpuscles  are  protoplasmic  in  their  nature,  and,  as  their 
composition  is,  or  at  least  is  supposed  to  be,  identical  with  that  of  the 
pale  corpuscles,  the  opportunity  may  here  be  taken  of  studying  their 
protoplasm,  which  may  be  regarded  as  a  type  of  animal  protoplasm  in 
general. 

Protoplasm  of  Pus  Corpuscles,  (a)  Organic  Coristituents.  1.  Al- 
bumens.— There  are  at  least  five  forms,  of  which  three  are  soluble  in 
w^ater — an  alkali  albuminate,  an  albumen  spontaneously  coagulable  at 
48°  or  49°,  and  a  body  like  serum  albumen,  coagulating  at  70^— and 
two  insoluble  in  water,  of  which  one  is  an  albumen  insoluble  in  sodie 
chloride  solution,  and  dissolved  with  difficulty  by  dilute  hydrochloric 
acid  of  y\j  per  cent.,  and  the  other  a  hyalin  substance  (Rovida)  of  the 
nature  of  fibrin  and  allied  to  globulin,  which  is  soluble  in  hydrochloric 
acid  y',5-  per  cent,  and  in  1  ])er  cent,  soda  solution  (this  forms  the  chief 
mass  of  the  protoplasm  of  the  pus  cor])uscle). 

2.  In  addition  to  these  albumoiis  there  are  also  lecithin,  cerebrin, 
cLolostorin,  fatty  soaps,  and  certain  ])a(lly  known  extractives;  in  the 
living  and  yet  aiineboid  cell  glycogen  is  found. 

Gelatin,  chondrin,  and  paraglobulin  are  not  present;  nor  in  the 
fresh  })us  do  we  find  free  fatty  acids,  leucin,  or  tyrosin. 

(b)  Inon/anfc  Constituents. — Salt^  of  potassium,  sodium,  calcium, 
magnesium,  and  iron ;  part  of  the  sodium  is  in  the  form  of  chloride, 
and  the  rest  of  the  sodium,  together  with  the  remaining  bases,  are 
probably  present  as  pliosphates. 

The  nuclei  of  the  pus  corpuscles  contain,  besides  lecithin  and  traces 
of  ash,  a  body  called  vuclcin,  that  forms  their  chief  component.  A 
soluble  and  an  insoluble  modification  of  this  body  are  described.  Thi» 
body  lias  also  been  described  as  present  in  spermatozoa,  hepatic  cells, 
and  nuclei  of  blood  corpuscles. 

Nuclein,  ('h,1Ii;,N.j1\<L-  Prijxiration. — Treat  })us  corjmsdes  several 
times  with  warm  aleohul  to  si'jiarate  the  fats  and  lecithin;  then  dijrcst  the 
residue  with  artificial  ga.strie  juiec  at  '>7  to  4U°.  After  24  hours  collect  the 
separated  nuelei,  which  will  be  found  in  the  bottom  of  the  vessel,  in  a  small 
loose  filter,  and  wash  them  there  with  ether  and  then  with  cold  water  until  the 
washini>-s  give  no  albumen  reaction  with  tannic  acid.  Ncnv  extract  the  washw 
nuclei  two  or  three  times  with  warm  alcohol.  The  ])uritied  mass  is  la.<tlvex- 
tracttnl  with  very  dilute  caustic  soda,  the  solution  filtered  and  precipitatal  with 
hydrochloric  aci<l,  and  the  solution  and  precipitation  agjiin  repeated.     The 
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precipitate,  when  well  washed  with  boiling  alcohol,  is  soluble  nuclein,  having 
the  composition — 

Per  cent.  '  Per  cent. 


C     .     .     .     49-6 
H    .     .     .       70 


P    .     .     .       2  5 

S    .     .     .       1-8 


N    .     .     .     140  I  O    .     .     .    251 

The  residue,  insoluble  in  the  dilute  caustic  soda,  and  which  forms  the 
greater  part  of  the  nucleus,  is  the  insoluble  moiUfication  of  nuclein.  It  is 
soluble,  however,  in  moderately  strong  solutions  of  the  caustic  alkalies  and  in 
stronp^  hydrochloric  acid ;  treatment  with  the  latter,  indeed,  changes  it  into  the 
soluble  form. 

Nuclein  is  colorless  and  amorphous,  slightly  soluble  in  water,  but 
readily  soluble  in  the  alkalies  and  alkaline  carbonates.  Chloride  of 
zinc,  sulphate  of  copper,  and  nitrate  of  silver  precipitate  its  solutions. 

Some  chemists,  it  should  be  said,  consider  this  body  to  be  a  mixture 
of  one  or  more  organic  phosphorus-holding  combinations  with  albumen. 

Abnormal  Constituents. — The  body  named  pyln  is  really  a  mixture  of 
sdbumens  and  not  a  chemical  individual.  It  can  be  obtained  by  digesting  re- 
oent  pus  with  sodic  chloride  solution  (10  per  cent.)  and  filtering  after  24  hours. 
The  insoluble  residue  is  treated  with  dilute  hydrochloric  acid  and  then  filtered, 
the  filtrate  next  treated  with  soda,  and  the  precipitate  collected  and  dried. 

The  so-called  pyocyanin  (Fordos)  is  no  normal  constituent  of  pus,  but  is 
^ue  to  the  presence  of  special  blue-colored  vibriones.  A  blue  color  is  occasion- 
ally seen  upon  the  bandages  of  suppurating  wounds ;  it  can  be  extracted  from 
these  by  macerating  the  colored  pieces  in  weak  alcohol,  thea  evaporating  the 
alcohol,  filtering  hot,  and  shaking  up  the  filtrate  with  a  little  chloroform ;  the 
ohloroform  is  next  decanted  and  treated  with  dilute  sulphuric  acid,  when  a  red 
pigment  passes  into  solution  in  the  acid,  while  a  yellow  pigment  (pyoxan those) 
remains  in  the  chloroform.  The  acid  extract  is  saturated  with  baric  hydrate,  and 
the  filtrate  again  shaken  up  with  chloroform.  On  allowing  a  drop  of  the  latter 
to  evaporate  on  a  slide  fine  blue  needles  will  be  seen  under  the  microscope. 

In  jaundice  the  pus  may  contain  bile  pigments,  and  in  diabetes  sugar. 
Pomiic,  butyric,  and  valerianic  acids  have  likewise  been  met  with. 

II.  MUCUS  is  the  term  given  to  the  secretion  of  certain  mucous 
membranes,  which  are  generally  provided  with  so-called  mucous  glands, 
but  which  in  certain  cases,  as  in  the  frontal  and  maxillary  sinuses,  the 
tympanic  cavities,  etc.,  are  devoid  of  them.  The  mucus  corpuscle  seems 
to  be  formed  by  a  sort  of  budding  of  the  epithelial  cell,  part  of  the 
contents  being  expelled  or  transuded  outwards,  an  open  cell  being  left 
l>ehind. 

This  mucus  is  found  in  the  mouth,  in  the  stomach  and  intestine,  in 
the  bile,  urine,  and  synovia,  in  nasal  and  bronchial  secretion,  and  in 
Certain  tumors  (myxomata). 

Properties.— Mucus  is  very  variable  in  its  characters  and  reactions, 
but  always  gives  somewhat  of  a  ropy  consistency  to  the  fluids  contain- 
ing it.  Mucus  is  generally  bright  and  translucent,  but  sometimes  more 
Or  less  opaque:  it  may  be  colorless,  white,  yellow,  or  greenish.  The 
stringy  character  possessed  by  mucus  depends  on  the  presence  of  mucin, 
of  irhich  less  than  1  per  cent,  is  capable  of  imparting  this  i)roperty  to 
tbe  fluid  in  which  it  is  present. 

Although  the  mucus  obtained  from  different  parts  varies,  yet  this 
xxiucin,  its  important  constituent,  is  always  the  same. 
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Mucus  serves  to  protect  and  cover  surfaces,  and  in  the  case  of 
buccal  mucus  it  possibly  aids  the  saliva  in  its  action  upon  sugar:  it 
serves  also  as  a  means  for  removing  from  the  body  certain  organic  and 
inorganic  excrementitious  materials. 

Buccal  mucus  is  a  transparent,  viscid,  and  alkaline  liquid,  holding 
epithelial  cells  and  mucus  corpuscles  in  suspension ;  stom^ichal  mxicm 
is  thready,  grayish,  and  alkaline;  intestinal  mucus  is  grayish,  viscid, 
finely  striated,  alkaline,  and  rich  in  fatty  particles  and  mucus  corpus- 
cles; vesical  mucus  gives  a  cloudy  appearance  to  urine  (Book  IV., 
Chapter  XXIV.);  vaginal  mucus  is  slightly  viscid  and  always  acid; 
that  of  the  neck  of  the  uterus  is  slightly  viscid  or  gelatinous,  grayish, 
transparent,  and  alkaline. 

In  the  normal  state  very  little  mucus  is  formed,  but  in  mucus  ca- 
tarrh it  is  produced  in  large  amount.  It  is  then  clearer  and  more 
alkaline  than  normal,  but  at  a  later  stage  it  becomes  thicker,  and  in 
addition  to  abundance  of  epithelial  cells  we  find  mucus  corpuscles  in 
great  numbers,  as  well  as  large  granular  exudation  corpuscles,  leuco- 
cytes, and  fatty  and  protcid  granulations. 

There  appears  to  be  an  abundant  secretion  of  mucus  during 
digestion. 

Composition. — It  generally  contains  mucus  corpuscles  similar  to,  if 
not  identical  with,  the  pale  corpuscles  of  the  blood,  fine  fatty  granules, 
and  sometimes  crystals  of  cholesterin,  and  consists  mainly  of  water 
holding  in  solution  4  to  5  per  cent,  of  solids  made  up  of  mucin,  traMS 
of  albuminoids,  extractives,  fats,  and  mineral  salts. 

Analysis  of  Mucus. 

Tracheal.  Nasal. 

(WRUillT.)         (Bkrzelius.)  (NaS5?K.) 

Water 95-6  93*37  9556 

Solids 4*4  6-63  444 

Mucin      ........  3-2  5-33  237 

Extractives       04  1*01  0*98 

Fats —  —  0'2^ 

Inorganic  salts O'o  056  081 

Chlorides,  carbonates,  sul- 
phates, and  phosphates 
ol"  soda  and  potash. 

The  pyin  of  pas  differs  from  the  mucin  of  mucus  in  being  procipifeited  by 
mercuric  chloride  and  ui'utral  acetate  of  lead,  and  its  precipitate  with  acetic 
acid  is  insoluble  in  excess.  From  chondrin  it  is  distinguishcnl  by  its  precipit^^^ 
with  alum  beini::  insoluble  in  excess. 

Small  mucus  calculi  are  sometimes  met  witb,  con.sisting  of  mucin,  fat 
phpsj)hate  and  carbonate  of  lime  and  matiucsia. 


CHAPTER  XIV. 

METHODS  FOR  THE  EXAMINATION  OF  SEROUS  FLUIDS, 

Two  methods  are  given.    By  means  of  the  first  the  albuminoid  ^^^' 
stituent  may  be  readily  determined,  and  by  the  second  the  examination 
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Won  may  W  maile  with  more  i;om|iIetenes8  not  only  for  album inoi (Is, 
out  also  fuv  numernua  other  organic  and  crystalline  constituents. 

I.  Qaalitative  Analysis  for  some  of  the  Constitaente  of  a  Serous  Liquid 
{offer  lI'H'i'ii  Sevleu). 

1.  Jlix  part  of  the  liquid  with  10  Ut  20  ljiu«*  its  volume  of  wnttr,  add  a 
few  drops  very  dilute  acetic  Hcid,  and  then  pass  a  contiouomi  current  of  i-ar- 
bunif  acid  gaa  through  the  mixture  and  let  it  stand ;  if  a  fltwculent  prei'ijjitate 
funuH,  then  a  j;lulmlin  or  alkali  albumen  is  present, 

i.  The  above  flucculent  precipitate  is  dividtil  into  two  parte,  (a)  Add  to 
one  of  these  a  little  strun^^  sodie  chlnride  solution ;  if  the  precipitate  dit<sotves 
the  lt<(uid  containB  mgoxiu  itt  an  analiigoua  body,  (t)  Ti)  the  n-st  of  the  jire- 
cipilute  add  hydrrwhloric  aeld  I'o  per  cent. ;  if  a  solution  oecure  the  preeipitote 
luny  he  mt/onH,Jihrinogfii.  or  cattiii, 

:).  Boil  the  tiiiuid  decunted  from  the  precipitate  obtained  in  1 :  a  eoaguluiu 
indicalea  serum  slmimen. 

4,  Add  ti>  some  of  the  serum  a  few  drops  of  defihrinated  bli>od  (i>btaine<] 
by  si|ueeKiDg  a  blood  dot),  elir  netl,  and  ky  aside  in  a  moderately  warm  place 
for  24  honra:  a  coagulum  iudieatcs^rino^eii. 

5.  To  a  portion  of  the  original  liquid  add  a  tittle  pericardial  scrum  (ox), 
and  if  a  coagulum  appears  it  is  due  to  the  presenue  of  fibnnoplastiu. 

a.  To  11  little  of  the  liquid  add  acetic  acid:  (j)  if  a  stringy  precipitate  in- 
soluble in  escesH  of  acetic  acid  or  sodium  chloride  is  formed,  mucin  is  preeoDt; 
( i  j )  if  the  preeipit«te  formed  by  the  first  drop  or  two  of  acetic  acid  dissolves  in 
the  least  excess,  then  the  precipitate  is  pmhahly  paralbumin.  To  confirm, 
precipitate  a  Uttle  of  the  original  liquid  with  three  timw  its  volume  of  alcohol, 
filler, dissolve  the  precipitate  in  water,  and  let  the  solution  stand  aside;  if  par- 
albumin is  present  the  solution  gradually  becomes  more  or  less  viscid. 

n.  Examination  of  a  Serous  Liquid  {'ifter  GoBUf  Bbsanez). 

A.  Boil  a  pt'rtion  in  a  test  tube,  acetic  ai'id  having  been  added. 

1.  A  coaguhm  is  produced.     IMvide  it  inU>  two  portions, 

ill)  Add  a  few  drops  of  hydrochloric  acid;  if  the  [irecipitatc  diwiippcars 
albumen  is  not  present,  but  probably  fartht/  photpkuta. 

(h)  If  the  precipitate  does  not  disapiiear  on  the  addition  of  the  hydro- 
chloric acid,  add  more  of  the  same  acid  and  boil,  when  the  precipitate  will 
gradually  dissolve  with  the  formation  of  a  red  solution — aUiMmen. 

(c)  If  the  first  coagulum  obtained  on  boiling  is  reddish,  then  hiematin  and 
globulin  arc  probably  present;  digest  with  alcohol  eontAiniug  sulphuric  acid, 
and  test  fi>r  these  bodies  (see  nnder  Blood). 

2.  If  no  coagulum  is  produced,  proceed  as  follows ;  or  if  this  has  occurred, 
then  use  the  filtiiite. 

(«)  Boil,  and  if  onljf  «  tarbldiii/  is  produced,  add  acetic  acid ;  a  flocculent 
deposit  indicates  pnralbumin.  Confirm  by  testing  with  potsssic  ferrocyanide 
and  nitric  acid. 

(b)  Test  also  for  mettdbiimin  by  adding  alcohol ;  if  a  precipitate  is  obtained 
soluble  in  a  lar^  excess  of  water,  then  this  body  is  present,  and  no  precipitate 
will  be  given  with  potassic  ferrocyanide. 

(c)  If  the  Jlitid  remaiai  per/eetli/  clear  on  boiling,  then  mix  a  portion 
'  It  potaesie  ferrocyanide  solution:  caiein  or  glitbulin  is  thrown  down. 

(j)  Boil  with  a  solution  of  calcic  chloride  and  test  with  rennet:  u 

Srecipilaie  points  to  aufiiu 
eutralize  the  solution  afler  it  has  been  made  acid  or  alkaline-. 
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B.  To  some  of  the  liquid  add  acetic  axnd;  pjfin,  mucin,  and  chondrin  are 
precipitated. 

(a)  Test  the  liquid  with  mercuric  chloride :  pyin  is  precipitated.  Confirm 
with  tincture  of  galls  and  neutral  acetate  of  lead.  The  precipitate  with  acetic 
acid  as  well  as  with  alum  is  insoluble  in  excess. 

(6)  A  turbidity  may  be  due  to  chondrin.  Concentrate  some  of  the  liquid, 
and  if  chondrin  is  present  a  jelly  will  form  on  cooling.  Confirm  with  alum 
and  metallic  salts. 

Tc)  The  precipitated  mucin  gives  a  rosy-red  coloration  with  Millon's  re- 
agent, and  a  yellow  coloration  with  nitric  acid.  The  precipitate  with  acetic 
acid  is  soluble  in  excess. 

C.  Concentrate  a  little  to  a  small  bulk  and  leave  it  to  cool:  \^ gehuin  is 
present  a  jelly  is  formed.     Confirm  with  mercuric  chloride. 

D.  The  original  liquid,  from  which  albumen,  if  present,  must  first  be  sep- 
arated by  boiling,  is  evaporated  at  a  gentle  heat  to  one-third  its  volume,  then 
boiled,  and  left  to  cool.  A  precipitate  indicates  urates.  Add  acetic  acid  and 
examine  under  the  microscope,  when  rhombic  crystals  of  uric  acid  will  be  seen. 

Confinu  by  the  murexid  test. 

If  the  precipitate  is  not  altered  by  the  acetic  acid  it  may  be  due  to  calcic 
sulphate,  magncsic  phosphate,  or  to  allantoin,  ty rosin,  calcic  hippurate,  or  benzoic 
acid. 

For  special  methods  of  detection  sec  under  each  of  these  bodies  in  the 
general  text. 

E.  The  concentrated  liquid  gives  no  precipitate  when  cooled.  Evaporate 
to  a  syrup  and  leave  aside  for  several  hours ;  if  crystals  form,  let  the  liquid 
stand  some  time  longer:  kreatin,  hreatinin,  glycocin,  leucin,  alluntoin,  taurin, 
sarkosin,  inosit^  sodic  chloride^  etc.,  may  be  present. 

First  dotormine  if  the  crystals  are  organic  or  inorganic  by  heating  a  portion 
on  platinum  foil,  noting  if  any  charring  occurs  or  if  a  fixed  residue  remains; 
then  examine  the  crystals  under  the  microscope.  (For  identifying  tests  con- 
sult the  text.) 

F.  The  syrupy  residue,  or  the  mother  liquor  from  which  the  crystals  have 
been  separated,  is  next  evaporated  nearly  to  dryness,  and  the  residue  exhaust^ 
with  absolute  alcohol. 

(it)  Concentrate  a  little  of  the  alcoholic  solution,  then  dilute  with  water, 
and  test  for  hile  piijment  with  yellow  nitric  acid  (p.  178). 

(h)  Treat  a  second  portion  in  the  same  way,  but  apply  the  test  for  the 
hiliarf/  ncids  (p.  177). 

(c)  Evaporate  a  little  to  drynessi,  dissolve  the  residue  in  water,  and  test  for 
sugar  with  Fehling  s  solution. 

{(I)  Evaporate  a  considerable  portion  to  a  small  bulk,  add  pure  nitric  acid 
to  the  residue  when  cooled,  and  immerse  the  vessel  in  ice-cold  water:  laminated 
crystalline  precijntate  indicates  urea. 

Confirm  with  the  ordinary  tests  and  note  if  any  hippuric  acid  is  present. 

(e)  To  some  of  the  concentrated  alcoholic  extract  add  a  little  syrupy  solu- 
tion of  chloride  of  zinc:  a  crystalline  precipitate  may  be  due  to  krentin  or 
kreatinin. 

(/)  Heat  a  portion  of  the  concentrated  alcoholic  extract  with  oxide  of  zinc, 
filter  hot,  and  evaporate  a  drop  of  the  filtrate  on  a  glass  slide;  examine  the 
deposit:  if  club-  or  tun-shaped  crystals  are  to  be  seen,  then  lactic  acid  is 
present. 

G.  The  residue  insoluble  in  the  alcohol  must  be  extracted  with  water, 
which  takes  up  cjisein,  pyin,  extractives,  and  soluble  salts;  then  with  dilute 
caustir  potash^  which  dissolves  uric  acid,  hypoxanthin,  and  guanin;  and  lastly 
with  dilute  hydrochloric  acid. 
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The  residue  may  contain  insoluble  albuminates,  mucin,  and  probably  silica. 

H.  Part  of  the  original  liquid  is  evaporated  to  dryness  and  the  powdered 
residue  exhausted  with  ether.  The  ether  extract  is  then  to  be  evaporated  and 
fkts  looked  for. 


CHAPTER  XV. 

EPITHELIAL  STRUCTURES, 

I.  Epitheliums. — These  are  cellular  tissues  that  invest  such  free 
surfaces  as  the  skin  and  alimentary  canal,  or  such  closed  cavities  as  the 
vascular  and  lymphatic  systems.  The  cells  are  united  together  by  a 
sort  of  intercellular  cement,  which  by  its  reducing  action  on  salts  of 
silver  can  easily  be  brought  into  view. 

Except  in  the  scales  on  the  surface  of  the  skin  these  epithelial  cells 
are  provided  with  nuclei  as  well  as  with  a  certain  amount  of  cell  con- 
tents of  a  protoplasmic  nature,  varying  much,  however,  with  the  age  of 
the  cell,  but  generally  formed  of  a  proteid  body  containing  granules  of 
different  kinds  in  its  substance,  such  as  fat,  pigment,  salts,  etc.  If 
glandular  epithelium  is  also  included  here  w^e  find  the  cellular  proto- 
plasm charged  in  addition  with  the  secretion  and  excretion  elements. 

Under  the  epithelial  tissues  are  epidermis,  epithelium,  hairs,  and 
nails,  etc.,  and  among  them  we  may  also  include  the  crystalline  lens. 

Keratin. — When  one  of  these  epithelial  structures,  such  as  horn,  is  finely 
divided  and  digested  successively  with  boiling  water,  alcohol,  ether,  and  dilute 
acids,  a  body  remains  behind  of  more  or  less  inconstant  composition,  to  which 
the  name  keratin  has  been  applied,  and  which  accordingly  cannot  be  reg*arded 
as  a  pure  chemical  compound. 

This  keratin,  which  seems  to  be  the  chief  component  of  epidermic  struct- 
ures. Is  a  body  closely  related  to  albumen,  yielding,  like  it,  leucin  and  t}Tosin 
when  decomposed  with  boiling  dilute  sulphuric  acid.    It  also  contains  sulphur, 
as  can  be  shown  by  boiling  some  hair  or  parings  of  nails  with  a  little  caustic 
potash,  and  then  adding  hydrochloric  acid,  when  hydric  sulphide  will  be  evolved. 
Keratin  is  found  in  all  the  tissues  developed  from  the  ectoderm  or  horny 
layer  of  the  embryo,  and  Ls  more  or  less  characteristic  of  this  layer,  just  as 
haemoglobin  or  globulin  is  of  the  mesoderm  and  mucin  of  the  entoderm. 

Keratin  is  an  albuminoid,  characterized  by  the  large  amount  of  sulphur 
Contained  in  it,  which  is  in  part  loosely  combined.  It  Ls  related  in  some  re- 
spects to  elasticin.  Its  percenttige  composition  is  C  =  50 - 5 1  G,  H  =  G'4 - 7*2, 
>4  =  16-2 - 17-9,  S  =  0-7 - 50,  0  =  20 - 22-4. 
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Keratin  is  insoluble  in  alcohol  and  ether,  swells  up  in  boiling  water,  and  is 
**oluble  in  the  caustic  alkaUes ;  it  is  not  liable  to  decompose,  and  melts  when 
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heated,  burning  with  a  characteristic  gmell.  Under,  pressure  and  at  a  tem- 
perature of  150^  keratin  dissolves  partially,  sulphuretted  hydrogen  being 
evolved ;  and  the  solution  is  precipitated  by  acetic  acid  and  potassic  ferrocyan- 
ide.  When  boiled  with  dilute  sulphuric  acid  or  the  caustic  alkalies,  keratin 
furnishes  aspartic  acid  and  the  volatile  fatty  acids  like  acetic,  butyric,  and  pro- 
pionic, as  well  as  ammonia,  leucin  (10  per  cent.),  and  tyrosin  (4  per  cent). 

II.  Hairs  are  soluble  in  water  under  a  high  pressure,  and  the  solu- 
tion is  precipitated  by  chlorine,  acetate  of  lead,  tannic  acid,  and  the 
mineral  acids.    They  are  soluble  also  in  great  part  in  the  stronger  acids. 

Human  hair  contains  4  to  5  per  cent,  sulphur.  Silica  has  also 
been  found  in  hair  to  the  extent  of  0*11  to  0*22  per  cent.  A  granular 
brown  pigment  is  present  in  the  medulla  of  most  dark  hairs,  but  it  is 
wanting  in  white  and  even  in  brown  hairs. 

Of  inorganic  constituents  the  amount  is  variable.  Nails  are  rich 
in  potassic  phosphate,  feathers  in  silica,  and  hairs  contain  0*5  to  0*7 
per  cent,  of  ash.  Of  tvater  the  hair  of  the  head  contains  13*14  per 
cent. ;  that  of  the  beard,  12'83  per  cent. ;  and  the  naib,  13*74  per 
cent.     But  in  summer  the  proportion  of  water  may  rise  to  30  per  cent. 

Ash  of  hair  may  be  stated  to  consist  on  the  average  of  alkaline 
sulphates  23  per  cent.,  calcic  sulphate  14  per  cent.,  oxide  of  iron  and 
manganese  10  per  cent.,  and  silica  40  per  cent. 

Aih  of  Human  Hair— in  the  100  Parts  (Baudbimont). 

White.  Red.  Brown.  Black. 

Sodic  sulphate 2208  18*43 

Calcic  phosphate    ....  2053  10*29  1013  1504 

"      carbonate    ....  1618  403  5*60  462 

"      sulphate      ....  13*57 

Silicates 1230  42*46  3066  661 

Oxides  of  iron 8*38  9*66  10*86  809 

Magnesic  carbonate    .     .     .  6*01  619  4*26  289 

Sodium  chloride    ....  trace  0*94  2*45  3*30 

III.  The  Homy  Structures  are  insoluble  in  water,  alcohol,  and 
ether;  soluble,  with  the  exception  of  nails,  in  acetic  acid  after  long 
boiling;  they  swell  up  also  and  dissolve  in  hot  sulphuric  acid. 

Dilute  sulphuric  acid  acts  upon  these  bodies  as  upon  albumen, 
causing  them  to  yield  leucin,  much  tyrosin,  ammonia,  and  fatty  acids. 
A  blue  or  violet  solution  is  obtained  by  heating  them  with  concentrated 
hydrochloric  acid.  Nitric  acid  dissolves  them  at  a  gentle  heat,  coloring 
them  yellow,  and  yielding  oxalic  acid  as  a  terminal  product.  The 
younger  epithelial  structures  are  readily  soluble  in  caustic  potash,  but 
the  older  ones  are  insoluble  or  nearly  so.  Strong  boiling  alkaline 
solutions,  however,  decomi)osc  them,  with  the  formation,  as  with  al- 
bumen, of  leucin,  tyrosin,  ammonia,  hydrogen,  and  volatile  fatty  acids. 

W,  The  Crystalline  Lens. — This  body  differs  somewhat  from  every 
other  tissue  in  the  body.  It  consists  of  a  parenchyma  invested  by  an 
elastic  capsule.  The  latter  is  quite  structureless  and  very  elastic  and 
brittle. 

The  parenchyma  presents  a  layer  of  granular  and  nucleated  six-sided  epi- 
thelial cells  that  lie  behind  the  anterior  layer  of  the  capsule  and  connect  it 
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Mily  to  the  chief  muss  c)f  the  bus.  which  consists  af  flattenod  hex^oQol 
bands  or  Gbres,  itbout  r^nVo  of  an  inch  wide,  which  lie  in  kyera  tind  run  Iroui 
thi:  anterior  to  the  posterior  lound  the  margia  of  the  lens.  Buch  fibre,  in 
fact,  mny  he  n^rdea  h»  a  grcallv  elongated  epithelial  celt  (BaDT'ckik).  and 
t)iia  nixiouiite  for  the  close  connection  between  the  fibres  and  the  la^er  of  cells 
behind  the  anterior  thick  fold  of  the  capsule.  Every  fibre,  escejit  tlioat:  of 
the  centre,  is  provided  with  iin  elliptical  nucleus  that  is  situated  mostly  towards  ■ 
the  tuurgin  of  the  lens,  ec  tbnt  the  nuclei  form  a  eun'ed  zone  constitutinu  a 
prolongation  of  a  regultirly  arranged  series  of  epithelial  nuclei  (Meitkk).  All 
these  fibres  are  flnttened  in  the  plnn^  nf  the  lamina  in  which  they  lie,  and  are 
MX-sided  on  cross  section :  by  some  aulhorilies  tbey  are  regarded  as  tubes  with 
liTtdine  wallit  and  a  fluid  interior. 

The  ihn»ity  of  the  lens  varies,  increasing  towards  the  centre,  the 
perijiberaJ  layers  being  1-076  and  the  central  1'194;  the  index  of  re- 
t'ritc/ion  of  the  central  lajors  is  also  greater  than  that  of  the  peripheral. 

Its  reaction  is  alkaline,  and  water  forms  two-thirds  of  its  substance, 
the  solids  having  the  following  composition: — 


Album  ens 
I.ecUliin   .     . 
Cholraterin   . 


Lma  0/  Ox  (Laptschissky). 

.     .     34-93 


Dry  re»ldur  of  c 
Albumens    .    .    .    .    v 
Choleaterin  .... 
Lecithin 


FutB 

Soluble  salts  .    .    . 
)"22  I  Insoluble  halts    .     . 

Lena  Affected  tcilh  Cataract  ICahs). 
>'3T  I  Alcoholic  extract    . 

1-55  I  Watery 


s  of  Ihi'  a!- 


^^^^F  The  salts  are  miide  up  of  chlorides,  sulphates,  and  pliosphati 

^^^Kalies,  witli  calcic  phosphate  in  anialt  amount. 

According  to  Cabn  only  one  albumen  is  present — a  globulin  substance 
like  vitellin.  The  lens,  however,  according  to  Laptschinsky,  cuntains  at 
least  two  albuminous  bodies,  one  soluble  and  the  other  with  difficulty  soluble 
in  water,  but  readily  soluble  in  aodic  chloride  solution.  According  to  Bze- 
ZCLiUB,  8^in,  if  the  lens  is  rubbed  up  with  washed  sand  and  then  digested 
with  water,  a  solution  is  obtained  containing  crytt'illiit  or  pnriiff/ohulin,  which 
separates  when  a  current  of  carbonic  acid  gas  is  passed  through  the  liquid; 
sod  is  also  precipitated  by  dilute  acetic  acid,  and  wlicn  precipitAled  is  insoluble 
tu  wuler  containing  no  air  dissolved  in  it,  but  if  a  little  oxygen  is  passed 
through  the  water  in  whiuh  it  is  suspended  an  opalescent  solution  is  formed, 
which  gives  a  eoagulum  when  healed  to  93".  In  addition  to  this  paraglobulin 
there  is  present  in  small  amount  u  body  resembling  casein,  and  precipitated  by 
the  addition  of  very  dilute  iicetiu  add  to  the  clear  filtrate  from  the  first  pre- 
cipilato;  and  also  a  third  albuminoid  body  in  the  filtrate  that  b  coagulated  by 
)  preceding  bodies  have  been  removed. 
of  an  elastic  nature,  but  it  probably  contains  a  keratin-like 


heat  « 

The 
body. 


*  death  and  during  Ufc  a  coagulation  of  the  albumens  may  occur, 
leading  to  opacity;  an  opacity  may  also  be  produced  by  a  separation  of  cholea- 
terin crystals,  of  earthy  phosphates,  or  of  carboDate  of  Ume;  fatty  degenera- 
tion may  likewise  occur,  and  cntozoa  may  show  themselves. 

Another  epithelial  structure,  ennmel,  should  be  taken  up  here,  but  for  9 
venieoci'  sake  its  constitution  will  be  given  under  Teeth  (p.  257). 
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CHAPTER  XVI. 

CONNECTIVE  TISSUES. 

The  term  connective  tissue  has  been  variously  applied,  some 
histologists  including  under  it  only  white  and  yellow  fibrous  tissue, 
while  others  regard  cartilage,  bone,  and  dentine  as  being  of  the  same 
nature  as  white  fibrous  tissue,  and  accordingly  group  them  under  the 
same  head.  As  the  name  implies  they  all  connect  or  support  parts; 
they  have  also  more  or  less  of  a  common  origin,  being  derived  from 
similar  embryonic  cells,  that  develop  around  them  a  matrix  or  intercel- 
lular substance  in  which  the  chief  developmental  changes  subsequently 
occur ;  and  they  often  in  parts  run  imperceptibly  one  into  the  other  in 
such  a  way  as  to  indicate  the  closest  relationship. 

The  connective  tissue  is  very  generally  spread  throughout  the  body, 
supporting,  binding,  and  investing  parts  and  organs,  and  also  taking  an 
important  share  in  general  nutrition,  as  the  whole  connective  tissue 
may  be  regarded  as  constituting  a  continuous  system  of  channels, 
passages,  interstices,  and  reservoirs  which  are  in  direct  relationship 
with  the  lymphatic  system.  In  areolar  tissue  the  spaces  are  large  and 
freely  communicate,  but  in  membranes  similar  spaces  exist,  though 
they  are  much  smaller,  constituting  delicate  channels.  Wherever,  in 
short,  the  tissue  is  found  it  presents  spaces  or  interstices  that  communi- 
cate freely  and  form  a  system  of  lymphatic  spaces.  And,  as  this  tissue 
penetrates  into  all  the  organs  and  tissues,  it  will  be  seen  that  i\ie 
arrangement  results  in  the  tissues  everywhere  being  placed  as  it  were 
in  a  great  lymphatic  sac,  just  as  the  intestines  are  suspended  in  the 
peritoneal  cavity  (Ranvier). 

As  its  structural  elements  connective  tissue  presents  cells,  fibres,  and  a 
cement  substance  binding  the  fibres  together. 

I.  Cells. — These  are  either  fixed  or  amoeboid.  The  ameboid  are  of  the  na- 
ture of  pale  corpuscles,  and  may  either  be  Avandering  leucocytes  or  buds  from 
these  or  from  some  of  the  fixed  colls.  While  some  are  of  the  size  of  pale  eorf>us- 
eles,  others  are  much  larger,  and  are  chiefly  of  a  rounded  form,  although 
some  are  oval  or  even  spindle  shaped  (as  occasionally  found  in  the  perivascular 
cellular  tissue). 

The  fixed  cells  vary  in  shaj)e,  but  they  are  generally  more  or  less  flattened. 
Thev  are  devoid  of  a  cell  wall,  althouirh  fat  cells,  that  are  derived  from  them, 
develop  cell  walls  at  the  expense  of  the  peripheral  portion  of  the  f)rotoplasm. 

The  greatest  num]>er  of  these  corpuscles  consist4S  of  a  granular  protopla^sm 
with  a  granular  nucleus,  and  are  provided  with  branched  processes ;  others  are 
more  or  less  quadrilateral'  in  shape,  with  well-marked  nuclei,  but  devoid  of 
processes;  others  again  present  a  iusiform  apj)earance,  though  many  thus 
described  are  reallv  delicate  flattened  bodies  seen  sideways  or  after  having 
shrunk.  Waldeykr  has  also  described  certain  other  cells  under  the  heading 
of  connective-tissue  corpuscles,  as,  for  example,  the  parenchymatous  cells  of 
the  suprarenal  capsule,  and  special  subendothelial  groups  of  cells  met  with  in 
the  testicles.  Peculiar  cells,  called  plasma  corpuscles  on  account  of  their 
peculiar  richness  in  granular  j)rotoplasm,  are  likewise  to  be  seen.  They  are 
larger  than  the  wandering  cells,  and  are  round,  oval,  or  spindle-shaped,  and  are 
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to  be  found  especially  in  the  periyascular  tissue  and  in  the  connective  tissue  of 
glands. 

In  adipose  tisstte,  which  consists  of  a  series  of  rounded  or  polygonal  cells 
(xiv  to  yj^  of  an  inch  in  diameter)  filled  with  fat,  the  cells  may  be  regarded 
as  direct  deriyatives  of  the  connective-tissue  corpuscles,  the  particles  of  fat 
gradually  invading  the  substance  of  the  cell,  swelling  it  up,  and  compressing 
Qie  nucleus  and  the  remains  of  the  protoplasm  towards  the  exterior,  where  a 
membranous  wall  has  already  been  developed  at  the  expense  of  the  protoplasm. 

n.  Fibres. — These  are  of  two  kinds — the  white,  which  are  very  fine  un- 
branched  fibres,  with  indistinct  outlines,  lying  generally  in  wavy,  tough,  and 
flexible,  glistening  bundles ;  the  yellow,  which  in  mass  have  a  faintly  yellow 
tint,  and  present  well-marked  outlinas,  owing  to  their  refracting  the  light 
strongly,  also  branching  and  anastomosing  freely.  The  yellow  are  much  more 
brittle  than,  the  white,  and  under  manipulation  they  readily  break,  the  ends 
curling  up  and  showing  transverse  lines  of  fracture.  The  white  average 
jn^wts  to  Tishns  of  an  inch  in  diameter,  though  they  are  fre({uently  met  with  as 
fine  as  ^jsWis ;  and  the  yellow  are  about  xiyivcr  to  jzh^n- 

Acetic  acid  swells  up  the  white  fibres,  removing  all  appearance  of  fibrilla- 
tion, while  it  has  no  such  action  on  the  yellow  or  elastic  fibres. 

Both  sets  of  fibres  are  generally  associated  together,  tut  one  or  other 
greatly  predominates,  so  that  while  in  tendons  and  ligaments,  for  example, 
the  white  fibres  are  the  chief  constituent  elements,  in  the  ligamentum  nuchas 
and  the  true  vocal  cords  the  elastic  fibres  greatly  preponderate.  The  white 
fibrils  form  bundles  varying  in  thickness,  and  these  bundles  lie  parallel  in  ten- 
dons and  ligaments,  and  more  or  less  parallel,  with  some  interlacement  nearly 
in  the  same  plane,  in  fasciaB  and  membranes,  while  in  areolar  tissue  the  bundles 
lie  loosely  interlaced  in  different  planes,  and  in  the  cutis  and  in  mucous  and 
serous  membranes  the  interlacement  is  much  closer  and  more  complicated. 
The  elastic  fibres,  and  the  connective-tissue  corpuscles  lie  between  and  around 
the  white  bundles. 

The  elastic  tissue  may  also  present  itself  in  the  form  of  close  networks  and 
transparent  homogeneous  membranes.  The  retiform  tissue  may  be  regarded 
as  consisting  of  a  solid  plexus  of  fine  fibrils,  upon  the  nodes  of  which  little 
connective-tissue  corpuscles  are  usually  fixed. 

III.  Cement. — The  fibres  are  held  together  in  bundles  by  a  transparent 
substance,  which  is  soluble  in  lime  or  baryta  Avater,  and  precipitable  therefrom 
by  acetic  acid,  this  precipitate  being  mucin.  Reference  has  already  been  made 
to  the  affinity  of  this  cement  substance  for  silver  salts. 

ClaBBification. — Four  varieties  may  be  distinguished : — 

1.  Fibrillar  Connective  Tissu^e. — [a)  White  fibrous^  fasciculated,  as  in  liga- 
ments and  tendons ;  or  membranous,  as  in  fascije,  aponeuroses,  etc.  {b) 
Elastic,  also  in  fasciculated  and  membranous  forms,  as  the  ligamenta  subflava, 
true  vocal  cords,  and  capsules  of  lens  and  lungs. 

2.  Homogeneous  Connective  Tissue  occurs  chiefly  in  the  form  of  mem- 
branes, as  the  hyaloid  membrane  of  the  eye,  the  capsules  of  Graafian 
follicles,  etc. 

3.  Mucous  or  Jelly-like  Connective  Tissue  exists  chiefly  in  the  embryonic 
condition,  and  is  made  up  of  a  soft,  transparent  fundamental  substance,  in 
which  lie  connective-tissue  corpuscles.  p]xaniples  are  found  in  Wharton's 
jelly  of  the  umbilical  cord  of  the  young  embryo  and  the  vitreous  humor  of 
the  eye. 

4.  Reticular  or  Retiform  Connective  Tissue  consists  of  a  close  network  of 
fine  branched  fibrils,  upon  the  nodes  of  which  little  connective-tissue  corpus- 
cles are  flattened  out.     It  used  to  be  described  as  a  network  f<jnned  by  the 
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bnUK'lied  prut-VMiui  iif  cniincctiTC-tiwac  c.-<irpuscl>s 
in  tlie  fVauii'wiirk  of  Ivniph'jiil  tissuts  ai 
tyMvui. 

Chemical  Compotition. — The  white  fibroiu  tissue  is   ina4le  op  < 
coUfij/eii,  a  bwiy  thai  furnishea  gluten  or  gelatin  when  boiled  in  water  J 
am)  the  elastic  tissue  yields  elagtin.     These  bodies  have  alreadv  1; 
descrilied  (see  pp.  124—120).     In  their  developing  f<rtal  condition  1 
white  fibres  yielil  mucin  (p.  127)  instead  of  gelatin,  in  which  resp< 
tlu'y  resemble  the  mucoua  and  retiform  tissues. 


CHAPTEH  XVII. 
CAllTJLAGE. 

Caktii  Ml  consL'^ts  of  cells  and  intercellular  subslance,  by  I 
latttT  of  vkhith  It  H  essentially  characterized.  The  cells  possess  t 
dietinctive  appearance,  then  only  gpeciHc  property  being  the  possessiai 
of  rings  of  intcicellulai  substance;  in  their  early  or  active  eonditiai 
they  contain  glycogen,  while  in  their  inactive  period  particles  off 
present  themselves.  In  the  adult  state  each  cell  is  provided  with  I 
capsule,  which  is  of  the  same  nature  as  the  matrix,  but  it  is  devoid  o' 
this  covering  in  its  young  condition. 

All  cartilages,  with  the  exception  of  the  articular,  are  covered  ora 
their  free  surface  by  a  fibrous  membrane,  the  perichondrium,  betweenJJ 
which  anil  the  intercolluhir  substance  a  very  close  union  exists. 

CIa»ifloatiott.^Tij  mlilitinn  lo  fiJDiiii  I'arlilafro  there  is  cellular  cnrtilogeffl 
in  which  litlli'  rir  tii>  iiitcri-cllular  Kubfitaii<«  exists:  hyaline  cartila^.  in  whidif 
tlio  itiU'R'i'lliLliir  iMiitrix  ix  [iiore  or  Inw  clenr  and  free  from  fibres;  and  fibi 
jartilii;;eH,  in  wliicb  ilii>  iiiiilrix  is  pLTvadtd  bv  filiree, 

1.  iVllutar  ('.•riil.ia-: 
II,  Ifyiitiiif  l\irtitagf.     1.    Tempornry. — Tlie  cells  arc  small  and  angularja 

iiikI  I'xhihit   m<  Jcfinito  arrun^iuent  nohwc  when  the  carlilii'.'e  is  about  t  " 
uuiltTpi  inwifii-iiliixi,  when  they  laireuBc  iu  ate.,  multiply  bv  cndo^;enous  divl*! 
sitiii,  and  lUTuiigc  thi-uselves  in  rows  jierpi^niliuular  tu  the   line   of  c 

2.  Articular, — Fn*  sMrfacc  devuitl  of  pcriehondrium,  surface  cells  Batrfl 
tcniil  in  tlii^  (liri^[!tion  of  the  surface,  and  Icntloular  in  tthape,  deep   i 
eulumniir  and  jicrpcndioular  to  the  surface,  and  the  interuii-diate  i-ells  more  a 
\tm  Riundod. 

'A.   f'ofi.il  Tjffif. — I'roo  furfncc  coiered  with  pcrichoodrium ;  auri'ace  o 
Miiall  and  HiittriK-d  in  the  diri^fiion  of  the  periphery,  and  fonuinj^  a  thiolll 
lavr;  tin- di<']ii'r  cells  largtT  nnd  mure  rounded,  and  the  deepest  cells  largf" 
KtiJl,  iiiitl  iiiiin-  or  low  eliingatt-d,  lint  cjLhibitintr  only  a  fJi^ht  irndency  to  I 
iiri-.'fiJ'-'l  "JHi  ili.'ir  long  aie«  perpeuditular  to  the  surface. 

...  i'!irtila;{c. 
-  I't'  larynx,  trachea,  and  hronchi. 

^■-.:  >.tiiiliip;e«. 
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III.  Fihro- Cartilages,  1.  White  Fibro- Cartilages. — The  matrix  is  com- 
po6ed  of  connective-tissue  fibres.  Interarticular  fibro-cartilages,  cartilage 
deepening  joints  (as  the  glenoid  and  cotyloid),  intervertebral  discs,  etc. 

2.  Elastic  Cartilages. — The  matrix  contains  networks  of  fine  elastic  fibres. 
Ear,  epiglottis,  Eustaeliian  tube,  and  the  small  cartilages  of  the  larynx. 

Chemical  Characters. — When  the  permanent  cartilages  are  boiled 
we  obtain  chondrin  as  the  product  (see  p.  126),  this  being  derived  from 
the  intercellular  substance  and  the  capsules,  but  not  from  the  cells. 
A  somewhat  similar  body  is  obtaintd  by  boiling  the  cornea.  The 
cartilage  cells  themselves  are  not  made  up  of  ossein  or  chondrin,  but 
contain  a  coagulable  globulin  albumen,  which  gives  a  purple-red  color 
when  treated  with  sulphuric  acid  and  sugar,  and  a  mahogany  brown 
to  a  bluish  violet  with  iodine  (particularly  the  young  cells).  Fatty 
granules  are  often  present,  especially  in  the  old  cells. 

The  intercellular  or  ground  substance  of  hyaline  cartilage  consists 

of   chondrogen  and  yields  chondrin  on  boiling;    the  matrix  of  the 

connective  tissue  or  fibro-cartilages  consists  of  collagen^  and  yields 

gelatin  on  boiling;  while  by  boiling  the  elastic  cartilages  only  a  part 

of  the  intercellular  substance  is  dissolved,  furnishing  gelatin,  the  rest 

remaining  insoluble  and  long  unaltered  by  caustic  potash,  acetic  or 

sulphuric  acid. 

Composition  (Hoppe  Seyleb). 

Costal  Cartilage.  Articular  Cartilage. 

Water 67-67  7359 

Organic  matter       .    3013  2487 

Mineral  constituents    2*20  1*54 

Costal  Cartilage — Man,  act.  20  (Frommhertz  and  GugERT). 

Water 6200 

Chondrin 33*26 

Fat 1*33 

Salts 3-40 

Sodic  carbonate 1*19 

"      sulphate 082 

Calcic  carbonate 0*62 

Sodic  chloride 0  28 

Magnesic  phosphate 0*23 

Calcic              '■            014 

Sodic               *'            0*03 

Potassic  sulphate 0*04 

Oxide  of  iron 003 

Ash  of  Cartilage— Yanation  with  age  (Bibra). 

In  a  child  A  year  old 2*24  per  cent. 

"      "      3  years**        3*00 

"    girl  act.  16  years 7*29 

"    woman  act.  25  years 3*92        ** 

"    man        "    40    **        610        " 


Potassic  sulphate 

Sodic 
"  chloride 

"  phosphate 

Calcic  '^ 

Magnesic      ** 


Ash  of  Costal  Cartilages  (Bibra). 

Child,  xt.  3  years.       Man,  let.  22.  Man,  set.  40. 

48-68                2666  7903 

10*93                44*81  1*22 

7*18                  611  1*95 


3  00  8*42  0  93 

21*33  7*88  1309 

e-88  4*65  3*78 
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Although  chondrin  has  already  been  referred  to,  the  opportunity  may  here 
be  taken  to  compare  its  percentage  composition  with  that  of  several  allied 
bodies : — 


C. 

N. 

H. 

a_ 

0. 

8.         1 

Albumen    .    . 

52*7  to  54-5 

15*4  to  16-6 

6-9  to  7-3 

20-9  to  23-5 

0*8 to  20 

Collagen     .    . 

5002 

1806 

6-75 

24*59 

0-58      ; 

Chondrin    .    . 

500. 

14-4 

6-6 

28-4 

06        ^ 

Mucin    .    .    . 

495 

96 

6-7 

34-2 

Elasticin    .     . 

55-5 

16-7 

7-4 

20-4 

Keratiu       .     . 

50  to  51-6 

16-2  to  17  9 

6-4  to  7-2 

20  to  22-4 

0-7  to  50 

Through  the  action  of  sulphuric  acid  albumen,  keratin,  and  mucin  fumis\i 
leuein  and  t}Tosin,  but  chondrin  and  elasticin  only  yield  leucin. 


CHAPTER  XVIII. 


BONE. 


Bone  is  one  of  the  indifferent  or  mechanical  tissues  of  the  bo 
It  differs  somewhat  in  appearance,  as  well  as  in  chemical  compositi 
in  different  parts  of  the  body. 

General  Constitution  of  Bone  considered  Histologically.— Bone 

sists  of  a  series  of  layers  culled  lamellse,  which  are  arranged  round  spac 
different  kinds.     Those  s))aces  are  the  Haversian  canals,  the  cancelli,  and 
medullary  canal.     The  Haversian  canals  form  a  comparatively  close  netwt 
of  short  curved  tubes  t}irou«j:hout  the  substance  of  the  compact  bone,  i 
thus  establish  a  free  coniuuinication  between  the  exterior  of  the  bone  and 
large  central  (»r  medullary  cavity.     Towards  the  ends  of  the  same  bones  so 
of  the  Haversian  canals  <>pen  up  into  the  cancellated  spaces,  which  may  be 
garded  merely  as  dilated  Haversian  canals,  while  others  form  dilated  loopi 
and  curved  arches  beneath  the  articular  cartilage.     Contained  in  these  ca 
are  the  blood  vessels,  and  in  the  largest  of  the  canals  and  in  the  other  spa 
we  have  in  addition  red  and  vellow  marrow.     The  blood  vessels  communie 
freely  with  those  of  the  membrane  covering  the  exterior  of  the  bone,  the  pe 
osteu))i,  and  with  those  of  the  endosteum  in  the  interior  of  the  bone. 

The  lamelhii  form  concentric  layers  round  all  these  spaces,  and  where  t 
latter  are  small  and  reiiular.  as  with  the  Haversian  canals,  the  Umiellie 
numerous,  and  c(>nstitute  the  so-c^dled  Haversian  systems;    but    where   t 
spaces  are  large  and  irregular,  like  the  cancelli,  there  is  not  the  same  unifo 
ity  in  the  arran<j;enient  of  the  lanielhe,  nor  the  same  number  of  them  prese 
In  bone,  after  it  has  arrived  at  maturity,  we  have,  further,  concentric  lamel 
more  or  less  parallel  with  the  j)erij>hery.  lying  round  the  exterior,  and  f 
more  internally  among  the  Haversian   systems,  although  the  latter  are  fou 
at  a  much  earlier  i)eriod,  having  been  formed  under  the  periosteum,  but 
process  of  develoi)ment  coming  to  lie  more  internally  among  the  subsequent'W^^" 
formed  systems. 

Between  the  lamelho  are  a  series  of  small  oval  spaces,  the  lacunsc,  whi<^'^ 
contain  the  hone  C(n'j)u>cK's,  and  from  them  radiate  a  set  of  very  fine  branc:*/'- 
ing  canals,  the  canaliciili,  for  the  more  c(anj)lete  irrigation  of  the  bone  tissue 

In  living  bone  a  certain  amount  of  absorj»tion  (►f  old  bone,  and  a  corre^ 
ponding  growth  of  new  bone,  is  always  going  on,  the  former  showing  itself  w 
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the  Haversian  spaces,  in  which  new  bone  is  laid  down  in  the  form  of  concen- 
tric lamellse. 

Chemical  Composition. — Although  bone  takes  the  place  of  tempo- 
rary cartilage  in  the  organism,  it  is  derived  from  it  neither  chemicallv  nor 
anatomically,  the  cartilage  merely  acting  as  a  temporary  substitute  for  it. 

Bone  consists  of  an  organic  substance,  ossein^  a,  modification  of 
collagen,  intimately  combined  with  a  mineral  «ubstance,  the  so-called 
bone  earth,  in  the  proportion  of  about  thirty  of  the  ossein  to  seventy 
of  the  bone  earth.  This  bone  earth  is  itself  a  mixture  of  several  salts, 
the  chief  of  which  is  tribasic  phosphate  of  lime,  Ca32P0^  [or,  according 
to  HopPE  Seyler,  8(Ca32P04)CaC03];  there  is  besides  about  9  per 
cent,  of  calcic  carbonate,  3  per  cent,  of  calcic  fluoride,  and  1*7  per 
cent,  of  magnesic  phosphate.  Bone  also  contains  water  and  fat.  The 
general  composition  of  normal  undried  bone  without  any  separation  of 
Kit,  marrow,  or  blood  lymph,  may  be  given  as — 

Water .  5000  per  cent. 

Fat 15-75        " 

Ossein 11*40        " 

Bone  earth        21-85        "  (Hoppe  Seyleb). 

11  to  14  per  cent,  of  the  water  is  combined  with  the  ossein,  appa- 
rently after  the  nature  of  water  of  crystallization  in  crystals. 
The  composition  is  thus  given  by  Heintz  and  Zalesky: — 


Organic  substances 
Inorganic 


tt 


Heintz. 


Ash  in  100  parts — 
Calcium  .  .  . 
Phosphoric  acid 
Carbonic 
Chlorine 
Fluorine  . 
Magnesium 


(t 


30-47  to  3112 
69-53   "   68-88 

38-59  to  38-56 

53-75   "   53-87 

5.44    "     6-51 

Zalesky. 


34-56 
65-44 


1-75  to     1-58 
0-48 


40-13 
52-16 
7-81 
0-18 
0-23 
0-29 


Or  the  iish  may  be  thus  expressed : — 

Tribasic  phosphate  of  lime 8389  to  877 

'*             *'            "    magnesia    .     .     .  1-04  '*  17 

Carbonate  of  lime 8  9"  1303 

dalcic  fluoride  (including  chloride)  .    .  076  **  4  9 

PflCoer  obtained  5-84  per  cent.  CO.,  from  bone  ash  by  the  action   of 
phosphoric  acid  on  the  ash  in  vacuo. 


Human  bone. 

4 ^ 


Ossein , 

Phosphate  of  lime  .  .  . 
Fluoride  of  calcium  .  . 
Carbonate  of  lime  .  .  , 
Soda, with  sodic  chloride 
Phosphate  of  magnesia  . 
Vessels 
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32-17 
5104 
200 
11-30 
1-20 
116 
1-13 


Frerichs. 


} 


Compact. 

Spongy 

315 

38-2 

58-7 

50-2 

101 

11-7 
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Table  Showing  Influence  of  Age^  etc,  (Bibba). 


Child  (two  months). 


Phosphate  of  lime,  with  a  little  cal- 

ciam  fluoride 

Carbonate  of  Jime    ....... 

Phosphate  of  magnesia 

Soluble  salts 

Ossein 

Fat 


Middle-ftged  man. 


Tibia. 


57-54 
602 
1-03 
0-73 

3386 
0-82 


Ulna. 

Femur. 

Rib. 

56-35 

59-63 

55-66 

6-07 

7-33 

6-64 

1-00 

1-32 

1-07   ! 

1-65 

0-69 

0-62   ' 

34-92 

29-70 

33-97 

101 

1-33 

2-04 

The  different  bones  of  the  skeleton  differ  slightly  one  from  the  other  in 
chemical  composition  ;  and  the  inorganic  constituents  are  said  to  increase  with 
age  (Bibra)  ;  but  the  increase  is  only  very  slight  (Fr6my),  the  greater  fra- 
gility being  due  to  the  incretiscd  porosity  of  the  bone  in  old  age.  Compact 
bone  Is  about  7  to  8  per  cent,  richer  in  inorganic  constituents  than  spongy 
bone  (Frerichs)  ;  and  while  the  spongy  bone  is  richer  in  water  than  the 
C()m])act,  the  bones  of  thin  people,  as  a  rule,  are  richer  in  wat«r  than  those  of 
fat  peoi)Ie. 

A  prolonged  deprivation  of  earthy  salts  causes  the  earthy  salts  to  diminish 
in  the  case  of  pigeons,  and  these  salts,  it  appears,  must  be  given  in  the  form 
in  which  they  exist  in  cereals  and  in  bread  (Edwards). 

The  tribiisic  phosphate  in  the  food  dissolves  in  liquids  charged  with  car- 
bonic acid  gas,  with  the  following  decomposition:  Caj,2P0^-}-  4C0,^-  4H20  = 
CalI;2P0,  (acid  phosphate  of  lime)  -f  2CaH,(Cd3),  (bicarbonate  of  lime). 
How  the  triba.sie  phosphate  enters,  or  in  what  state  it  exists  in  the  blood,  it  is 
difficult  to  say.  It  may  ba  r^^idered  soluble  by  the  ac'ticm  of  free  carbonic 
acid,  as  wj  havij  just  S33n,  or  by  the  alkaline  chlorides,  or  else  by  organic  sub- 
stances. The  bone  earth  appears  also  t<>  be  subject  to  constant  change  in  the 
living  bones,  a  portion  being  redissolved  in  some  of  the  Jilkaline  salts  of  the 
blood  and  excreted  by  the  intestine  (Recklinghausen;. 

The  proportion  of  the  organic  and  iaorganic  constituents  remain:?  very 
constant,  though  it  differs  somewhat  in  different  animals,  and  even  in  different 
j)arts  of  the  same  animal,  of  which  examples  have  been  given  above.  While 
the  organic  matter  in  human  bones  is  about  84*56  per  cent.,  in  the  ox  i^ 
averagtjs  about  32  02  j)er  cent. 

Next  to  enamel,  bone  is  the  richest  in  inorganic  salts  of  any  tissue  in  the 
bodv. 

The  Marrow  differs  in  different  situations.  In  the  shaft  of  long 
bones  it  is  yellowish  in  color  and  resembles  ordinary  adipose  tissue,  the 
cells  being  supported  by  a  sort  of  retiform  tissue,  and  scattered  among 
them  a  few  true  marrow  cells  may  be  found.  In  this  yellow  marrow 
there  is  about  96  per  cent,  of  fat,  with  some  cholesterin,  and  small 
quantities  of  hypoxanthin,  albumen,  and  occasionally  lactic  acid.  The 
framework  supporting  the  softer  structures  yields  mucin.  In  the  can- 
cellated ends  of  long  bones,  in  the  vertebrae,  in  short  bones,  and  in  the 
flat  cranial  bones,  the  marrow  is  reddish  in  color  and  contains  few 
adipose  vesicles ;  but  true  marrow  cells,  resembling  pale  corpuscles  in 
many  points,  and  like  them  possessing  amoeboid  movement,  are  present 
in  great  numbers,  as  well  as  cells  that  are  described  as  transition 
forms  between  the  narrow  cells  and  the  colored  corpuscles  of  the  blood; 
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jwise  large  chiiiipa  of  multinucleated  pTOtoplaam  (mylopiaxea  of  ■ 
bis).  The  rod  marrow  may  have  a  mucous  appearance,  as  in  the  f 
e  of  the  cranial  bonea. 

In  addition  to  a  smalt   proportion  of  fat,  red  marrow  yields  much.J 

klbumen  and  salts,  and  an  acid  resembling  lactic  acid.  | 

Red  marrow  acts  probably  like  the  splenic  pulp  in  disintegrating  I 

colored  corptiseleH  of  blood,  and  it  appears  also  to  take  part  in  the  I 

generation  of  new  red  corpuscles. 

Fatholo^. — In  leuka-mia  the  red  marrow  becomes  of  a  dirty  gray- 1 
ish  while,  and  in  the  yellow  marrow  formic  and  other  fatty  acids  show  I 
themselves,  n!«  also  numerous  crystalline  neeilles.  In  the  earlyBtagesJ 
of  this  disease  the  red  marrow  often  resembles  raspberry  jelly,  while  in  I 
the  later  stages  it  may  appear  as  a  bulky,  purulent-like  mass.  In  | 
ttfphiiH  numerous  large,  pale,  red-corpuacle-holjing  cells  are  to  be  s 
^ia  fiiriola  during  the  suppurative  stage  the  myeloplaxes  and  pale  cells  I 
ppay  bo  greatly  increased,  while  in  htemo-rhagic  variola  the  nucleated  I 
wlored  cells  may  be  increaae'l  and  the  pale  ones  diminished.  In  ma-  I 
I  following  chronic  diseases  the  embryonic  blood  corpuscles  in  J 
(be  marrow  are  often  greatly  multiplied.  r 

In  most  of  the  diseases  of  bone  the  inorganic  salts  undergo  a  quan- 1 
titative  and  the  organic  constituents  a  qualitative  alteration.      TheJ 
"former  shows  itself  chiefly  in  a  diminution  of  the  lime  salta,  as  in  | 
riokets  and  osteomalacia,  in  this  last  disease  lactic   acid  apparently 
taking  part  in  the  removal  of  the  salts.  I 

_     The  altered  chemical  composition  in  several  diseases  is  indicated  in  § 
^e  Eabjoined  table: — 


1 

ill 

H'l! 

i 

V- 

8-41 
1-31 

2-83 
3814 
12-11 

1 

Phtwphateoflime     .     ,     .    . 

Carbonate 

Phosphate  of  maRnesia     ,    . 

PhoBpbate  of  soda  and  sul- 
phate of  lime  

BolBble  salts  (ehiefl.v  sodium 
chloride) 

0»ein,  etc 

;i204 
401 
0S8 

0T5 
54-14 
6-84 

13-25 
5-B5 

OVQ 

74'64 
5-36 

33-91 
780 
039 

31N 
M-83 

72-63  ,  4300 
403      8-24 
1-93  1    101 

0-61  1   2-00 

19-fiS  Uo-32 
1-32  1 

0-36 
38-37 

PractlGal  Ezeroisei  and  Kethods.  1.  To  Show  tA«  Ottn'n. — T)iwBt 
pamidl  bone  for  a  day  or  two  in  dilute  bj'droebluric  acid  ( 1(1  per  cent.)  The  , 
thy  salts  will  be  dissoWed  out,  and  what  rEiuiHiuB,  while  retaining  the  originid  i 
01  of  the  bone,  will  be  soft  and  elaslic.  Wash  it  repeatedly  in  water,  then  1 
a  boiling  alcohol  and  ether,  and  lastly,  Iwil  it  for  some  time  in  frceh  water,  I 
Then  it  will  be  converted  into  gelatin,  the  network  of  TeescU  only  remaining,  f 
Sic  solution  thuB  obtained  is  to  be  tested  for  gelatin  (p.  Ii5).  (in  cooling,,] 
t  the  solution  is  not  too  dilute,  it  will  set.  I 

To  Show  the  Enrlhy  S'llfi,  or  Bone  Earth. — I'lnce  a  pieoo  of  bone  in  1 
I  dear  fire  and  let  it  remain  there  until  it  becomes  perfectly  whil*.     It  will  | 
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retain  its  form,  but  it  haa  become  white  and  brittle.  Powder  a  fragment  and 
dissolve  in  a  little  hydrochloric  acid ;  dilute  the  solution  and  add  excess  of 
ammonia ;  a  white  gelatinous  precipitate  of  the  phosphates  of  lime  and  magnesia 
occurs.  Fiher,  and  to  the  filtrate  add  oxalate  of  ammonia :  a  precipitate  of 
oxidate  of  lime  shows  itself,  indicating  the  presence  of  lime  not  present  in  the 
form  of  phosphate :  it  exists  as  carbonate,  as  can  be  shown  by  digesting  some 
powdered  uncalcined  bone  in  dilute  hydrochloric  acid,  when  an  effervescence  of 
carbonic  anhydride  ensues. 

3.  Preparation  of  Powdered  Bone. — Bones  are  cleaned,  roughly  broken 
into  fragments,  the  spongy  substancxj  and  the  marrow,  etc.,  carefully  removed ; 
then  the  fragments  are  enclosed  in  filter  paper  and  reduced  to  powder  in  a 
mortar.  The  roujrh  })owder  is  suspended  in  a  linen  bag  in  a  flask  of  water, 
and  the  maceration  is  allowed  to  continue  several  days,  the  wat^r  being  fre- 
quently renewed.  After  having  been  dried  at  a  temperature  of  130°  to  140°. 
the  miLSs  is  finely  powdered,  digested  with  ether,  and  again  heated  to  the  same 
tem])erature.  The  powdered  bone  thus  obtained  is  to  be  used  in  the  subse- 
quent analyses. 

4.  To  Show  the  Presence  of  a  Fluoride. — This  body  is  frequently  present. 
Smear  a  little  wax  over  a  piece  of  glass  that  has  been  heated;  let  it  cool,  and 
then  draw  some  figures  upou  the  wax,  exposing  the  glass  in  doing  so.  Now 
place  this  piece  of  glass  with  the  smeared  surface  downwards  over  a  shallow 
leaden  or  jjlatinum  cup,  into  which  some  powdered  calcined  bone  and  equal 
parts  of  strong  sulphuric  acid  and  water  have  been  placed ;  insert  the  cup  in 
some  boiling  water,  and  after  a  little  remove  the  piece  of  glass,  and  having 
scraped  away  the  wax,  note  the  corrosion  that  has  occurred  in  the  parts  of  the 
glass  wliich  were  uncovered  by  the  wax. 

5.  To  SIioiv  ((ud  Determine  the  Fnt,  extract  some  of  the  dried  bone  with 
ether,  eva|)()r;ito  the  othoreal  extract  to  dryness,  and  weigh  the  residue. 

(i.  Quant ita fire  Analysis,  in)  The  Water. — Weigh  out  five  to  ten 
grams  of  the  ])()\vdered  hone,  dry  at  100°,  and  then  at  120°,  until  it  ceiisi^  to 
lose  Wfiirlit.     The  loss  irives  tlio  water. 

(h)  The  Ash  and  Organic  Matter. — Calcine  in  a  porcelain  crucible  the 
dried  hone  o})tained  in  (a)  at  as  low  a  temperature  as  j>ossible:  the  lo.ss  in 
weight  L^ivcs  the  organic  matter,  and  tlie  residue  the  ash.  It  Ls  well,  before 
weighing,  to  saturatii  tlie  calcined  residue  with  ammonic  carbonate,  and  then 
U\  lu'at  again  to  an  elevated  tomj)erature. 

( c)  The  Earthy  Phosphates,  etc. — Dissolve  with  the  aid  of  a  gentle  heat 
the  ash  obtained  in  ( b)  in  as  little  moderately  dilute  hydrochloric  acid  as 
possible ;  add  ammonia  in  excess  to  the  solution ;  a  precipitate  Ls  thrown  down 
chiefly  of  pho.sphate  of  lime,  with  a  little  phosphate  of  magnesia  and  calcic 
fluoride.  (As  a  trace  of  iron  is  present  in  old  bones,  if  this  is  to  be  esti- 
mated the  ammonia  precipitate  is  to  be  treated  with  acetic  acid,  and  the  insol- 
uble phosphate  of  iron  collected  on  a  filter,  washed,  dried,  calcined,  and 
weighed.  With  the  acetic  acid  solution  we  then  proceed  as  in  ij.)  Filter 
and  wash  the  j)recipitate  with  water  containing  ammonia. 

(})    llie   Jjinie   Present   as    Carbonate. — To   the   filtrate   add  oxalate  of 
ammonia  or  potash  to  complete  precipitation,  boil,  filter,  dry  the  precipitated 
oxalate  of  lime,  then  ignite  and  weigh  it,  by  which  the  oxalate  will  be  con- 
verted into  carbonate  of  lime. 

(ij)  The  Lime  Present  as  Phosphate. — The  ammoniacal  precipitate  of 
the  earthy  phcsphate  is  to  be  dissolved  in  strong  acetic  acid  with  the  aid  of 
heat  (if  any  portion  remains  undis-solved,  collect,  dry,  and  calcine  it,  and  hav- 
ing weighed  it,  estimate  as  pyro-phosphate),  and  to  the  solution  oxalate  of 
ammonia  is  added  ;  boil  and  lay  aside  for  12  to  24  hours;  collect  the  precipi- 
tated oxalate  of  lime,  on  a  filter,  wash,  dry,  and  ignite  both  the  precipitate 
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and  the  filter.  As  the  object  of  ihia  ia  lo  convert  the  oxalate  into  carbonate 
of  lime  (as  in  j),  care  must  be  taken  not  to  heat  loo  stron^^lj;  and.  ia  addj- 
lioD,  in  cose  any  caustic  lime  may  have  been  formed,  it  is  always  advisable  to 
moisEeo  the  precipitate  with  carbonate  of  ammonia  before  drying  it  at  a 
moderate  heat  and  weighing  it.  From  the  carlwntte  of  lime  thus  obtained 
the  amount  of  lime  can  eaaily  bo  ealoulated  [CaCOj  (100):  Ca  (4ti)  ^weight 
of  carbonate  of  lime  obtained  :x]. 

(iij)  The  M<igneivt  Prenenl  .f»  Phosphate. —The  filtrate  and  washings  of 
the  last  are  to  be  evaporated  to  a  small  bulk,  mixed  with  excess  of  ammonia, 
well  stirred,  btnled,  and  laid  aside  for  12  hours  ;  it  is  then  to  be  collected  on 
a  filter,  washed  with  water  containing  ammonia,  dried,  ignited  to  redness,  and 
weighed.  The  ammoniaeo-magneaiao  phosphate  is  thus  converted  into  pyro- 
phosphate (M|i,P,0,),  from  the  weight  of  which  the  magnesia  is  readily  ob- 
tained. [Mg,P,0,(174):2MsO  fSU)  —  weight  of  pyrophosphate  obtained  la:,] 

(iv)  Phofphmio  Acid  that  was  Combined  with  Limf. —t\te  washings 
and  the  filtrat«  still  contain  the  phosphoric  acid  primarily  combined  with  the 
Ume.  This  is  precipitated  by  adding  a  mixture  of  sulphate  of  magnesia, 
Binmoniam  chloride,  and  ammonia,  laying  aside  for  24  honrs,  then  filtering 
and  proceeding  exactly  as  above,     (1  :ll'21ii  ^=  weight  of  pyrophosphate  Li. ) 

(rf)  The  Totid  Phoqihoric  Acid  I're/ent. — This  may  be  eatimat^  directly 
{ChaNOXL).  Dissolve  I  gram  of  the  ash  in  a  little  nitric  acid,  warming 
gently;  dilute  with  water,  and  add  some  baric  nitrate  and  then  some  nitrate 
of  silver;  shake  well  and  filler.  Pass  a  current  of  sulphuretted  hydrogen 
through  the  filtrate,  filter,  and  boil  the  filtrate  for  some  time,  until  the  hydria 
sulphide  has  been  expelled.  By  tliis  means  any  sulphurio  acid  and  chlorine 
that  mHy  have  been  present  are  removed.  Now  add  to  the  dear  filtrate  a 
solution  nf  bismuthic  nitrate,  filter,  and  wash  the  precipitated  bismuthic  phos- 
phate with  boiling  water ;  dry  it,  and  having  detached  it  from  the  filter,  igtiite 
both  separately;  then  weigh.  [BiPO,  (3ll5):H,PO.  (98)  ^  weight  of  pre- 
cipitate 1  a:,] 

(>)  The  Carbonic  Acid. — Place  5  grams  finely  powdered  and  dried  bone 
into  a  flask  fitted  with  n  desiccating  tube  filled  with  calcium  chloride;  now  sus- 
pend in  the  flask  a  dmall  test  tube  containing  hydro- 
chloric acid,  and  weigh  the  whok-  apparulns,  ( Or  the 
acid  may  be  placed  in  a  stoppered  haretle  fined  in  the 
cork  of  the  floak,  and  the  drying  of  the  gas  effected  by 
allowing  it  lo  escape  through  a  U  tube  containing  strong 
Bulplinric  acid.)  The  acid  is  allowed  to  flow  slowly 
over  the  powdered  bone,  and  the  evolution  of  gns  per- 
mitted to  continue  until  it  is  completed.  When  this  is 
the  case,  by  meaus  of  the  tube  d,  which  has  been 
stopped  hitherto,  force  air  through  the  apparatus,  then 
weigh  :  the  loss  in  weight  =  CO,  (1  part  COj^= 
2-272  CaCO,). 

If  greater  accuracy  is  required,  the  flask  is  con- 
nected, as  in  an  oi^nic  analysis,  with  a  drying  lube  ^'°' 
filled  with  calcium  chloride,  and  this  with  a  set  of  Lie- 
big's  bulbs  containing  strong  caustic  potash  solution,  to  si 
which  is  filed  a  U  tabe  filled  with  fragments  of  solid  ^^ 
caostic  pota.sh.  These  last  two  pieces  of  apparatus  are  tu 
wdghed  before  and  after  the  experiment.  ^' 

The  weighed  bone  earth  is  placed  in  the  bottom  of  S*(""'"d'ti''"'"r™i 
the  flask,  and  the  liydrochloric  acid  is  allowed  to  enter  mbe  ihraugh  iriricb  iIt 
drop  by  drop  from  a  long  narrow  lube  fixed  in  the  cork  'uJlou'of  lIib"  iia  *hu 
of  the  flaak-  (*a«d. 
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Further  to  avoid  any  error  from  the  carbonic  acid  of  the  air,  and  to  maia- 
tain  a  constant  current  through  the  apparatus,  the  last  potash  tube  is  in  con- 
nection with  a  Pepj's  cistern  filled  with  water,  and  from  which  the  water  is 
allowed  to  escape  slowly ;  but  interposed  between  the  two  is  a  U  tube  filled 
with  pumice  stone  and  strong  sulphuric  acid,  the  air  also  before  entering  the 
flask  having  to  pass  through  a  similar  U  tube. 

When  all  the  carbonic  acid  gas  has  escaped,  warm  the  flask  for  a  minute 
or  two,  then  dis^^onnect  rapidly,  and  weigh  the  potash  tube  and  bulbs. 

With  Geissler's  apparatus  also  very  good  results  are  obtained. 

But  if  the  method  of  titration  is  adopted,  then  the  first  flask  with  the 
bone  earth  is  connected  with  a  second,  one-quarter  filled  with  ammonia  of 
known  strength  and   provided  with  an  escape  pipe  filled  with  fragments  of 
glass  moistened  with  ammonia.     The  gas  evolved  by  the  action  of  the  hydro- 
chloric acid  (which  should  here  be  used  strong)  is  absorbed  by  the  ammonia, 
and  by  heating  the  first  flask  and  washing  down  the  exit  tube  all  the  acid  will 
be  found  in  the  ammonia,  which  can  be  directly  titrated  with  decinormal 
oxalic  acid. 

The  whole  of  the  carbonic  acid  is  assumed  to  be  derived  from  calciam 
carbonate,  so  that  the  latter  can  easily  be  calculated ;  the  whole  of  the  mag- 
nesia estimated  as  magnesic  phosphate  (^^^^0^\  the  amount  of  phos- 
phoric acid  of  this  being  deducted  from  the  total  phosphoric  acid,  the  differeooe 
is  calculated  as  calcic  phosphate. 


CHAPTER  XIX. 

TEETH. 

The  teeth  are  in  great  part  epidermic  structures.  A  tooth  consists 
of  three  distinct  tissues — dentine^  forming  its  chief  mass,  in  its  interior 
being  the  pulp  cavity ;  enamel^  investing  the  crown  and  extending 
some  way  down  the  neck  ;  and  cement  or  crusta  petrosa  covering  the 
fangs. 

I.  The  Cement  has  the  structure  of  bone,  and  in  its  composition  it 
is  almost  analogous  thereto,  its  organic  and  inorganic  constituents  hav- 
ing the  relative  proportions  of  30 :  70. 


Cement  of  Tooth. 

Of  ox  (FriSmy). 

(containing  an  average  of)  67'1  percent. 

Calcic  phosphate     .     . 
Magnesic    "            .     . 
Carbonate  of  lime  .     . 

Of  man  (Birra) 

70*58  per  cent 
.    .  60-7 
.     .     1-2 
.     .    29 

II.  Dentine. — This  body,  like  bone,  contains  an  animal  matrix  im- 
pregnated with  earthy  salts. 

The  animal  matrix  is  of  the  nature  of  ossein,  but  the  walls  of  the 
canaliculi  appear  to  have  special  investments  of  a  body  resembling 
keratin  or  elasticin  (Hoppe  Seyler).  Dentine  is  4  per  cent,  poorer 
in  water  than  bone,  and  contains  26  to  28  per  cent,  organic  substances. 
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Reckoning  the  carbonate  and  phosphate  of  lime  together,  Hoppe  Sey- 
LER  gives  the  composition  as — 

CaioC036(POJ 7206 

MgHPO^ 0-76 

Organic  sabstances 27*70 

According  to  Bibra,  the  following  is  the  composition  of  the  den- 
tine of  men  and  women  respectively : — 

Adult  woman.    Adult  man. 

Organic  matter — ossein  and  vessels  .  27*61  20*42 

Phosphate  of  lime 66*72  67*54 

Carbonate       "          3*36  7*97 

Phosphate  of  magnesia 1*08  2*49 

Other  salts  (XaCl,  etc.) 0*83  1*00 

Fat 0*40  0*58 

III.  EnameL — The  ash  averages  95  to  97  per  cent. ;  in  the  young 
infant  it  varies  between  77  and  84  per  cent.  In  the  dog  there  appears 
to  be  n<J  organic  material  at  all.  Its  average  composition  may  be  thus 
stated : — 

Water  and  organic  substances 3*6 

Calcic  phosphate  and  fluoride 86*9 

Magnesic  pliosphate 1*5 

Calcic  carbonate 8*0 

It  is  thus  given  by  Hoppe  Seyler  : — 

Ca,oCOs6(P04) 96*00 

MgHPO, 105 

Organic  substances 3*60 

Enamel  and  Dentine  Compared— Ox  (Akby). 

Enamel.         Dentine. 
Organic  substance  and  water    .    .    .      3*60  27*70 

Inorganic      *'  96*40  72*30 

In  100  parts  ash — 

Calcic  phosphate 93*35  91*32 

"      carbonate 4*80  1*61 

"      oxide 0*86  5*27 

Magnesic  car1>onate 0*78  075 

Calcic  sulphate 012  009 

Oxide  of  iron 009  010 


CHAPTER  XX. 

MUSCLE. 


We  meet  with  two  well-marked  forms  of  this  tissue  in  the  body — 
striated^  such  as  constitutes  the  voluntary  muscles  of  the  limbs,  and  of 
which  a  special  modification  forms  the  contractile  substance  of  the 
heart;  and  non-striated^  such  as  is  met  with  in  the  uterus  and  in  the 
muscular  coats  of  the  intestine. 

Without  going  into  detail  with  regard  to  the  complicated  structure 
of  striated  muscle,  it  may  be  briefly  stated  that  it  is  made  up  of  fibres 
17 
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that  appear  to  consist  of  a  conjoined  series  of  short  tubes  formed  by  the 
sarcolenima,  and  that  these,  according  to  some  authorities,  are  further 
divided  (Krause,  etc.)  into  an  immense  number  of  little  superimposed 
compartments,  in  which  are  contained  minute  bodies  named  sarcous 
rods,  of  whose  exact  chemical  nature  we  are  ignorant,  the  rest  of  the 
compartment  being  filled  up  with  a  fluid  plasma,  that  lies  not  only 
among  the  rods,  but  is  also  accumulated  at  their  ends.  The  rods  in 
each  compartment  are  arranged  on  the  same  level,  so  as  to  form  a 
stripe  that  is  doubly  refracting,  while  the  contractile  plasma  is  singly 
refracting. 

The  narrow  muscular  fibres  of  the  heart  are  made  up  of  transversely 
striated,  oblong,  nucleated  cells,  which  are  fused  together  end  to  end; 
while  the  unstriped  muscle  is  composed  of  elongated  fusiform  cells  with 
oval  or  strap-shaped  nuclei  which  are  united  together  in  bundles. 

Properties. — In  a  state  of  rest  the  reaction  of  muscle  is  alkaline ;  but 
in  coagulated  muscle  the  reaction  is  acid,  the  acid  also  increasing  during 
contraction.     The  acid  is  paralactic,  but  possibly  also  acid  potassic 
phosphate  and  carbonic  acid  may  contribute  to  the  acidity.      This 
increase  in  the  acidity,  as  well  as  the  accumulation  of  the  waste  products, 
may  be  tlie  cause  of  the  muscular  fatigue  experienced  after  continued 
excessive  exertion.     But  Astacuewski  has  only  been  able  to  find  lactic 
acid  in  muscle  at  rest,  the  acidity  of  the  watery  extract  of  the  muscles 
after  treatment  witli  alcohol,  in  the  case  of  paralyzed  and  resting  muscle, 
having  been  found  higher  by  him  than  that  of  tetanized  muscle.    War- 
RKN  finds  that  if  the  acidity  of  an  untotanized  limb  be  taken  as  1,  that 
of  the  tetanized  limb  will  average  0*52.     PflUger  explains  this  ap- 
parent paradox  l)y  supposing  that  two  molecules  of  lactic  add  condense 
into  one  with  elimination  of  water,  the  acidity  as  measured  by  the 
power  of  saturating  alkali  being  at  the  same  time  reduced  to  one-half. 

The  (Icnsiff/  of  muscle  is  about  1055  in  mammals — that   is,  the 
mean  density  of  the  blood. 

The  color  of  muscle  is  apparently  due  to  the  haemoglobin  contained 
in  it  independent  of  the  blood;  but  in  addition  there  has  been  de- 
scribed a  yellow  coloring  matter  soluble  in  ether,  and  presenting  two 
absorption  bands  coinciding  with  those  of  oxyhaemoglobin,  but  not  due 
to  this  body,  as  they  are  not  alterable  by  the  action  of  acids  or  of  sul- 
phuretted hydrogen  (Stiiuvi:).  The  name  salmonic  acid  has  been 
given  to  the  red  oily  coloring  principle  of  the  muscle  of  the  salmon, 
etc.  (Fremy);  its  existence,  however,  is  doubtful. 

The  sarcolemma  is  with  difficulty  soluble  in  acids  and  alkalies,  and 
seems  to  be  identical  in  some  respects  with  keratin  or  elastin,  but  it  is 
probably  more  correctly  to  be  regarded  as  allied  to  collagen  in  its  nature 
(CiliTTEXDEN,  etc.)  Under  the  action  of  dilute  hydrochloric  acid  the 
muscle  fibre  is  si)lit  into  transverse  discs,  while  that  of  alcohol  causes  it 
to  break  up  into  fibrils. 

Changes  occurring  in  Muscle. — Even  in  a  state  of  rest  certain  chem- 
ical changes  are  taking  place  in  muscle,  differing  only  in  degree  from 
those  occurring  in  a  state  of  activity.  The  muscles  also  have  the  power 
of  storing  up  oxygen  while  in  a  state  of  rest,  particularly  during  sleep. 
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During  contraHion  the  muscle (1) becomes  acid,  carbonic  acid  being 
set  free,  and  possibly  also  sarcolactic  acid,  no  immediate  increase,  how- 
ever, in  the  consumption  of  oxygen  occurring,  indicating  the  indepen- 
dence of  muscular  contraction  and  immediate  oxidation.  This  is  owing 
to  the  oxygen  stored  away  by  the  resting  muscle.  As  PflCger  states, 
the  oxygen  helps  to  wind  up  the  vital  clock.  But  the  blood  flowing 
away  from  an  active  muscle  is  poorer  in  oxygen  and  richer  in  carbonic 
anhydride  than  the  same  blood  coming  from  a  muscle  at  rest.  In  a 
given  time,  indeed,  muscle  work  increases  the  absorption  of  oxygen 
and  excretion  of  carbonic  acid  gas  at  the  lungs. 

2.  Heat  also  is  produced  in  muscular  contraction,  but  this  elevation 
of  temperature  really  precedes  the  act  of  contraction  and  is  not  caused 
by  it,  for  if  work  is  effected  by  the  contraction  part  of  the  heat  dis- 
appears. The  heat  is  the  result  of  certain  chemical  changes  occurring 
in  the  muscle. 

3.  Decompositions  of  different  kinds  also  occur  in  the  process  of 
contraction,  some  body  or  bodies  soluble  in  water  being  converted  into 
others  insoluble  in  water  but  soluble  in  alcohol ;  that  is,  the  ivatery  ex- 
tractives are  diminished  and  the  alcoholic  extracts  increased  (Helm- 
HOLTz),  showing  an  augmentation  in  the  kreatin,  kreatinin,  and 
xanthin,  etc. 

4.  Some  affirm  that  the  proteids  are  slightly  diminished  and  the 
sugars  and  fats  increased  (Kanke).  This  observation,  however,  has 
not  yet  been  fully  confirmed ;  but  it  seems  to  be  established  that  the 
glycogen  of  muscle  is  diminished  by  the  act  of  contraction  (BrCcke 
and  Weiss),  such  a  decomposition  as  the  following,  in  which  much 
energy  is  liberated,  being  probable:  CgHnjOj  +  HgO  =  CglligOg,  and 
CfiHjjjOg  +  6O2  =  6CO2  +  GHoO.  It  is  probable  also  that  a  sligJit  in- 
crejise  occurs  in  the  elimination  of  urea,  but  not  an  increase  in  any 
way  proportional  to  the  w^ork  done;  likewise  an  increased  elimination 
of  sulphuric  and  phosphoric  acids  in  the  urine,  the  acidity  of  that  fluid 
also  being  said  to  be  raised.  But  it  must  be  confessed  that  of  the 
exact  nature  of  the  changes  little  really  is  known.  Hermann  is  of 
opinion  that  an  analogy  exists  between  ordinary  muscular  contraction 
and  rigor  mortis,  and  that  in  both  cases  a  complex  body,  which  he  calls 
inogen^  is  split  up  into  carbonic  and  lactic  acids  and  a  nitrogenous 
residue  of  the  nature  of  myosin ;  in  the  living  body  the  myosin  tlius 
formed  is  redissolved  as  rapidly  as  it  is  generated,  being  reconverted, 
in  combination  with  other  bodies  present,  into  the  inogen,  such  a  con- 
version of  course  not  being  possible  in  rigor  mortis. 

In  rigor  mortis  the  muscle  becomes  more  or  less  opaque,  loses  its 
elasticity,  is  firmer  to  the  touch,  and  all  normal  muscle  currents  have 
disappeared ;  its  reaction  also  is  decidedly  acid,  although  it  is  frequently 
amphicroitic,  sarcolactic  and  inosic  acids  being  present,  and  an  excess 
of  carbonic  acid  being  set  free  at  the  same  time.  A  relationship  ap- 
piears  to  exist  between  the  intensity  of  the  rigor  mortis  and  the  amount 
of  these  acids  formed.  Some  suppose,  therefore,  that  these  bodies  re- 
sult from  the  splitting  up  of  a  complex  compound  previously  present. 
Rigor  mortis,  then,  is  characterized  by  the  coagulation  of  the  muscle 
plasma  of  the  living  muscle  and  by  the  appearance  of  sarcolactic  acid. 
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Chemical  Composition. 

Analyses  of  Muscle  (Bibba,  Schlossbebgeb,  etc.) 


Components  in  the 

Pectoralis  major. 

Mean  of 

Mean  of 
muscle 

Muscle 

Muscle 

Muscle 

100  parts. 

Man, 
«t.  59. 

Woman, 
at.  36. 

human 
muscle. 

of 
mammal. 

72-87 

of 
birds. 

of  fish. 

of  frog. 

I 

Water     .... 

72-56 

74-45 

73-50 

7300 

74-08 

'  1 

80-43 

Solids      .... 

27-44 

25-55 

26-50 

27-13 

27-00 

25  92 

19-57 

Coagulated    al- 

bumens (my- 

osin, et€.)  and 

their   deriva- 

tives;   sarco- 

lemma,    ves- 

sels,    nerves, 

etc.,  insoluble 

in  water    .     . 

16-83 

16-54 

1618 

15-25 

1713 

1013 

Soluble  albu- 

1 

mens  and  al- 

buminates; 

h{emoglobin  . 

1-75 

1-93 

1-84 

217 

313 

3-61 

1-86 

Fat 

4-24 

2-30 

3-27 

3-71 

1-94 

4*59 

0-10 

Gelatin     .     .     . 

1-92 

2-07 

1-99 

3-16 

1-40 

434 

2-48 

Kreatin    .    .     . 

0-22 

0-18 

0-33 

— 

Oi» 

Ash      .... 

2-68 

3-57 

312 

114 

1-30 

1-49 

Non-striated  muscle  appears  to  have  nearly  always  an  alkaline  re- 
action, and  its  ashes  are  richer  in  salts  of  soda  than  in  those  of  potash. 
The  analysts  of  non-striated  muscle  is  thus  given  by  Cuittendex:— 

Water 79-60  to  8025 

Solids 20-40   "  1975 

Ash 1-26   "  1-22 

Albuminous  bodies 15*68   "  15*04 

Ethereal  extractives 033  "  024 

Non-nitrogenous  bodies 3*25  "  312 

Glycogen 243   '*  198 

Glycocin       071   "  039 

TJie  Gases  of  Jifvscle. — These  are  in  j^art  dissolved  in  the  muscle  plasma, 
and  in  part  combined  with  its  salts. 

CO., 14-4  per  cent. 

N  * 4-9 

O         0-09        "  (SZUMOWSKI). 

By  bringing  living  muscle  into  boiling  water,  and  then  passing  it 
through  air,  and  treating  it  with  phosphoric  acid,  a  mean  of  7*2  per 
cent.  CO2  was  obtained  by  Stirizing,  of  which  one  part  was  combined. 
But  the  amount  of  CO2  ap})ears  to  vary  according  to  the  mode  of 
preparation  of  the  muscle,  as  when  tetanized  and  quickly  cooled  it 
yields  6*6  per  cent.,  but  13-5  per  cent,  when  tetanized  and  cooled 
slowly;  only  2*7  per  cent,  when  washed,  2  per  cent,  when  warmed 
for  some  time,  and  15*4  per  cent,  when  neither  warmed  nor  washed. 

The  solids  of  muscle  vary  on  an  aveiage  from  21  to  26  per  cent, 
in  mammals,  and  22  to  28  per  cent,  in  birds,  and  about  20  per  cent, 
in  cold-blooded  animals.  In  mammals  the  solids,  in  addition  to  those 
tabulated  above,  may  be  thus  stated: — 


Gljcogen 04  to  05      Potash       0-3  to  04 

Kreatin 02  Soda  0-04 

Snrkiu 0*03  |   Lime  001 

Xautliin  and  hypoiantbia  0*03  ,   Mngoesia 004 

Taarin  (horae) 007  .  Sod tc chloride    ....  001  to  0004 

lactic  acid 005  Oxide  of  iron     ....  0-01    "   OWS 

Phosphoric  acid     .    .    .    .  03  to  0*5  1 

Tlie  diSerent  muscle  constituents  may  be  arranged  in  three 
groups : — 

I.  XitrogenoxiB  bodies — myosin,  and  two  or  more  other  proteids; 
extractives  such  as  kreatin,  sarkosin,  sarkin,  xanthin,  and  carnin. 

II.  Non-nitrogenoui  bodies — inoait,  fat,  glycogen,  etc. 

III.  Inorganic  bodies — phosphoric  acid,  potash,  soda,  magnesia, 
lime,  etc. 

I.  Kitrogenons  Bodies. 

The  living  muscle  contains  a  liquid,  coaguluble  plasma  which  can 
be  removed,  and  this  on  coagulating  at  ordinary  temperatures  separates 
into  clot  and  serum,  this  clot  imi/osin)  being  the  same  body  as  is  ob- 
tained from  dead  muscle  by  dilute  sodic  chloride  solution ;  myosin  is 
not  therefore  present  in  the  living  muscle,  only  its  factors,  so  to  speak. 


By  the  action  of  acids  this  body  is  further  transformed  into  syntonln. 
The  muscle  contains,  in  considenible  amount,  a  body  analogous  to  scrum 
albumen,  and  coagulating  atTii";  in  very  small  proportion  a  soluble 
proteid  coagulating  at  45°;  and  a  third  proteid,  a  sort  of  alkali  albu- 
men, which  varies  in  its  point  of  coagulation  (20°  to  30°)  according 
to  the  acidity  of  the  serum.  But  it  is  possible  that  some  of  these  may 
be  derived  from  the  lymph  in  the  muscle. 

The  gelatin  of  muscle  comes  from  the  connective-tissue  elements 
present,  such  as  the  perimysium,  sheaths  of  nerves,  blood  vessels,  etc., 
although  the  muscle  plasma  may  contain  collagen  (IIoi'PE  Seyler). 

A  myosin  ferment  identical  with  the  fibrin  ferment  of  blood  has 
been  separated  from  frog's  muscle  (Michelsohs). 
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The  muscle  plasma,  myosin,  and  muscle  serum  have  already  been 
described  (p.  110). 

The  Extractives, 

While  these  form  2  to  4  per  cent.,  at  least  two-thirds  of  them  are 
yet  unknown.  Among  the  nitrogenous  extractives  are  found  kreatin, 
sarkosin,  hypoxanthin,  xanthin,  earnin,  inosic  acid,  etc. 

rex 

1.  Kreatin,  CJIAO,  +  H.,0,  or^A  ^^^  ,     or 

(  cXo.on 

(NH.NTI,a\.CH,.ClI,COOH).— It  is  a  vory  weak  base,  but  it  fonns  cnstal- 
line  compounds  with  .several  of  the  mineral  acids;  it  also  combines  with  mer- 
curic chloride  and  nitrate ;  its  crj\stals  appear  as  colorless,  transparent,  rhombic 
prisms,  but  in  the  anhydrous  condition  it  is  white  and  opaque.  Fresh  miwle 
contains  a  mean  of  O'l  per  cent.,  or  the  solids  of  muscle  a  little  more  than  1 
per  cent.  It  is  increased  by  muscular  activity.  Kreatin  is  sparingly  Hiluble 
in  cold  water,  moderately  soluble  in  hot  water,  less  soluble  in  alcohol,  and 
insoluble  in  ether. 

Preparation. — 1.  Rub  up  pieces  of  muscle  with  fragments  of  glass,  and 
digest  the  mass  with  twict^  its  volume  of  alcohol  in  a  water  bath ;  express  the 
extract  through  linen,  evaporate  off  the  alcohol,  and  precipitate  the  watery 
extract  with  basic  lead  acetate;  through  the  filtrate  from  this  last  sulphuretted 
hydrojren  is  j)assed  to  separate  excess  of  lead,  and  when  the  latter  has  been 
removed  eva])orat<}  to  a  s^Tup.  from  which  on  cooling  kreatin  will  crystal- 
lize out. 

To  free  it  fnan  the  kreatinin  that  is  generally  combined  with  it,  treat  with 
chloride  of  zinc. 

2.  Rub  uj)  some  Liebig's  extract  of  meat  with  water  and  then  with  baiyta 
water,  filter,  and  remove  excess  of  baryta  from  the  filtrate  by  a  cunvnt  of 
carbonic  aci<l  <ras :  after  filtration  evaj)orate  to  (me-twentieth  its  volume,  and 
leave  thi^  syrup  aside  for  several  days  to  crystallize. 

Tlie  same  process  may  be  adopted  with  a  watery  extract  of  fresh  meat 
when  it  has  first  been  fre(Ml  from- albumen  bv  l)()ilir)j<. 

Derivatives. — 1.  Boil  kreatin  several  davs  with  water,  or  for  half  an 
hour  or  so  with  a  concentrated  acid,  and  kreatinin  is  obtained:   CjFIgN30j  = 

c\ii.x,o-fir,(). 

2.  Hv  loniT-con tinned  boiiiiifr  with  baryta  water  kreatin  is  deconipi>»ed 
into  sark'asin  and  urea:  CJ1.,X,(),  -f-  1I,()  =  C.H.NO,  (sarkosin)  -U  CONJI,- 
The  urea  decomposes  in  piU*t  still  further  into  carbonic  anhydride  and  amm<»uia. 

( )n  the  other  hand,  by  boiling-  for  several  hours  two  parts  of  .sarkosin  with 
one  i)art  freshly  j)rej)ared  cyanamid,  kreatin  will  crystallize  out  on  coding''. 
kreatin  niav  accordinjilv  ])e  regarded  as  methvl  dvcocvamine. 

To  (Icferwine  /V.s  p resc ncf :.  L-onxert  it  into  kreatinin  })V  boilinjr  it  for  halt 
an  hour  or  so  with  sulphuric  acid,  then  neutralize,  and  precipitate  with  chlonde 
of  zinc. 

II.  Sakkosin  (C3lI.NO, )  may  be  regarded  as  glycocin  in  which  hjdroL^n 

111         .111-         ^UI.^>   ^   n        I     •         C,H..(  CIL  )0 )  0 

is  reruaced  by  metlivl:  irlycocin    -     ^, ,'       ■  U;sarKosm=     ^    ."v       3      .{j. 

^  "^  -         .  iNII,     I       '  ^''2) 

Sarkosin  is  produced  by  the  decomposition  of  kreatin,  this  body  splitting  into 
sarkosin  and  urea  when  boiled  with  baryta  water. 

Preparation. — A  bot  saturated  solution  of  kreatin  is  boiled  with  ten 
times  its  volume  of  baryta  water  so  long  as  any  ammonia  is  evolved,  fresh 
baryta  water  being  added  from  time  to  time.     Then  filter  and  precipitate 
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the  excess  of  baryta  with  carbonic  acid.  From  the  evaporated  syrupy  filtrate  sar- 
kosin  will  separate  in  a  few  days.  The  crystals  are  purified  by  dissolving  them 
in  excess  of  dilute  sulphuric  acid,  and  the  solution  evaporated  to  a  syrup  and  well 
shaken  with  alcohol.  Sarkosin  sulphate  separates  as  a  fine  powder,  which  is  to 
be  washed  in  cold  alcohol  dissolved  in  water,  boiled  with  baric  carbonate  till  car- 
bonic acid  gas  ceases  to  be  evolved,  filtered  frotn  the  baric  sulphate,  and  the 
filtrate  evaporated  to  a  syrup.     Sarkosin  crystals  will  separate  inside  24  hours. 

Cafiein,  when  similarly  treated,  also  yields  sarkosin. 

Properties. — It  crystallizes  in  colorless  rhombic  prisms  that  are  soluble  in 
water,  slightly  soluble  in  alcohol,  and  insoluble  in  ether.  It  combines  with 
acids,  forming  soluble  salts;  its  double  salt  with  platinic  chloride  crystallizes 
in  large  yellow  octohedra  (CglLNO^HCl  -f  PtCI,  +  H,,0),  and  that  with 
chloride  of  gold  in  rhombic  tables  (C3H.N0.^.HC1  +  AuClg).  With  acetate 
of  copper  it  gives  a  marked  blue  color,  forming  a  crystalline  compound  with 
this  salt;  it  combines  also  with  chloride  of  zinc  and  mercuric  chloride. 

III.  Sarkin,  or  Hypoxantuin  (CjH^N^O),  is  found  in  muscle,  generally 
in  the  proportion  of  about  002  per  cent. ;  it  is  also  present  in  the  spleen,  liver, 
thymus,  and  in  the  blood  and  urine  of  leukaemia,  generally  accompanying  xanthin. 

Preparation. — It  is  prepared  from  the  mother  liquor  of  the  kreatin,  which 
is  diluted  with  water  and  then  boiled  with  two-thirds  its  volume  of  a  solution 
of  cupric  acetate.  The  sarkin  cupric  oxide  is  washed  in  cold  water,  suspended 
in  hot  water,  decomposed  with  a  stream  of  hydric  sulphide,  and  filtered  hot. 
The  sarkin  separates  on  cooling. 

It  can  also  be  well  prepared  by  adding  gradually  to  a  boiling  saturated 
solution  of  kreatin  ten  times  its  weight  of  hydrate  of  baryta ;  the  mixture  is 
boiled  80  long  as  any  ammonia  is  evolved ;  filter,  pass  a  current  of  carbonic 
acid  gas  through  the  filtrate,  and  filter  again ;  lay  the  last  filtrate  aside  to  crys- 
tallize. To  purify  it  dissolve  up  the  deposit  in  dilute  sulphuric  acid,  evaporate 
to  a  syrup,  and  add  alcohol.  The  crystalline  powder  is  then  dissolved  in  water, 
warmed  with  carbonate  of  baryta  as  before,  filtered,  and  the  filtrate  evaporated 
to  a  syrup  and  then  laid  aside. 

Properties. — Sarkin  crystallizes  in  fine  needles  and  is  slightly  soluble  in  hot 
water,  but  readily  soluble  in  the  alkalies  and  in  dilute  hydrochloric  acid.  It 
combines  with  acids,  bases,  and  salts;  with  silver  nitrate  it  forms  a  crystalline 
compound  when  precipitated  from  its  ammoniacal  solution  by  means  of  this 
body  (CjH^AgjN^O-l-HjO).  This  is  a  more  insoluble  salt  than  the  correspond- 
ing one  formed  with  xanthin.  Its  hydrochloride  is  also  less  soluble  than  that 
of  xanthin.     It  is  not  precipitated  by  ammonio-acctate  of  lead. 

Chemical  Relations. — Sarkin  is  closely  related  to  xanthin  and  uric  acid, 
being  formed  by  the  reducing  action  of  sodium  amalgam  upon  either  of  these 
bodies  * 

C.H.NA;  C.H.NA;  c,h,n,o. 

(uric  acid.)  (xanthin.)  (sarkin.) 

IV.  Xanthin  (C^H^N^Oj). — Mixed  with  hypoxanthin  it  is  met  with  in 
different  parts  of  the  organism,  as  in  muscle,  spleen,  pancreas,  and  liver.  Its 
formation  seems  to  precede  that  of  uric  acid, 

from  which  it  differs  in  containing  an  atom  of  ^,          ^^      A  ^-^^ 

oxygen  less ;  indeed,  by  reducing  uric  acid  with  ^SS'    ^^  a  ^  v  v  ^ 

sodium  amalgam  it  can  be  obtained,  or  by  the  M?/J  -j         4z>     ^      <3> 

oxidation  of  sarkin.     It  has  been  found  in  the  ^  if  ^    h    <:>  ^^ 

urinary  calculi.  ^  ^-^      0 1^"^  '^^-^  (? 

Preparation. — It  can  be  prepared  from  the  ^    "^^  [) 

yellow  crust  obtained  in  the  treatment  of  the  ex-  ^ 

tractives  by  dissolving  this  up  in  dilute  hydro-  fi«.2o.-crvstals  of  Xantiiik. 

,1      .         •Jill  i*        xi  i\.'  To  tl»e  lelt  are  pearlv  rhombic 

chlonc  acid  and  slowly  evaporating  the  solution.  tables  of  the  sulphate. 
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But  it  is  best  prepared  from  guanin  (CjH^N^O)  by  dissolving  this  body  in 
strong  nitric  acid,  adding  potassic  nitrite  in  excess,  and  then  water  until  a  yellow 
precipitate  is  formed,  which  is  dissolved  in  boiling  ammonia  and  sulphate  of 
iron  added  until  a  black  precipitate  appears.  The  filtrate  is  evaporated,  and  the 
residue,  afler  having  been  washed  in  cold  water,  is  dissolved  in  boiling  ammonia, 
filtered,  and  evaporated  to  dryness. 

Properties. — 1.  It  is  white  and  amorphous,  forming  microscopic  granules 
very  slightly  soluble  in  boiling  water,  insoluble  in  alcohol  and  ether,  and  form- 
ing soluble  combinations  with  bases ;  its  solutions  are  precipitated  by  acids,  with 
which  it  forms  crystalline  salts,  and  by  the  salts  of  copper,  with  which  the  pre- 
cipitates are  greenish. 

2.  Xanthin  dissolves  in  boiling  ammonia,  and  the  solution  is  precipitated  hy 
chloride  of  zinc,  cadmic  chloride,  arid  acetate  of  lead ;  silver  nitrate  also  throws 
down  from  this  animoniacal  solution  the  gelatinous  compound  CjHjAg^N^O^-l- 
H,0. 

If  the  xanthin  is  dissolved  in  some  warm  dilute  nitric  acid  and  silver  nitrate 
added,  little  flocculi  will  separate  on  cooling:  C^H^N^Oj+AgNOj. 

3.  Phosphomolybdic  acid  gives  with  il  a  voluminous  yellow  precipitate 
soluble  in  dilute  acids. 

4.  When  evaporated  to  dryness  with  nitric  acid  a  yellow  residue  is  obtained, 
which  becomes  reddish  yellow  on  the  addition  of  soda,  changing  to  a  violet  on 
heating. 

V.  Carnin  (CH^N^Os+II^O). — American  extract  of  meat  contains  about 
1  per  cent  of  this  body,  but  it  has  not  yet  been  found  in  fresh  meat. 

Carnin  has  a  pulverulent,  chalky  appearance  ;  it  is  insoluble  in  alcohol  and 
ether,  but  soluble  in  boiling  water,  its  solution  being  precipitated  by  subacetate, 
but  not  by  the  neutral  acetate  of  lead.  It  combines  with  warm  hydrochloric 
acid,  its  hydrochlorate,  C.H^N^0.,.HC1,  forming  brilliant  needles,  and  combining 
readily  with  platinic  chloride  with  the  production  of  a  double  salt ;  with  silver 
nitrate  it  also  gives  a  white  flocculeut  precipitate  (C7lI^N^03)^,.AgX03,  which 
is  insoluble  in  ammonia  and  nitric  acid. 

Like  sarkin,  carnin  is  an  imperfectly  oxidized  decomposition  product. 
C.H,N,0,  =  C\H,N,0  (sarkin )  -i-  C,H,0.,  (acetic  acid).  It  may  be  converted 
into  sarkin  by  the  action  of  nitric  acid  or  bromine. 

Preparation. — It  is  prepared  from  Liebipj's  extract  of  meat  by  boiling  this 
with  seven  times  its  weiglit  of  water,  precipitating  the  solutiim  with  baryta 
water,  earetully  avoiding  excess ;  filtering,  adding  subaceUite  of  lead  to  the  fil- 
trate, and  separatiuix  the  j)rceij)itate  that  forms^  which  consists  of  a  combination 
of  carnin  and  plumbic  oxide.  Suspend  this  compound  in  hot  water  and  decom- 
pose it  with  a  current  of  hydric  suli)hide,  filter,  and  concentrate  the  filtrate  bj 
evaporation.  The  colored  dei)osit  is  to  be  treated  with  silver  nitrate,  and,  to 
remove  any  silver  chloride  that  may  form,  wa.sh  the  precipitate  with  ammoniacal 
water,  and  then  with  pure  wat4?r;  suspend  again  in  water  and  decompose  with 
hydric  sulphidtj,  filter,  and  digest  the  filtrate  with  animal  charcoal.  From  the 
clear  filtrate,  when  concentrated,  carnin  is  deposited. 

VI.  Inosic  Acid  (C,„ir,,N\0,,)  has  not  as  yet  been  satisfactorily  deter- 
mined in  human  flesh,  but  it  forms  about  001  per  cent,  of  the  muscle  of  cats 
or  rabbits. 

Its  alkaline  salts  form  fine  needles  eiusily  .soluble  in  wat<ir,  but  insoluble  in 
alcohol,  and  its  solutions  give  amorphous  i)recipitates  with  copper  and  silver 
salts. 

VII.  The  proportion  of  xnntlnn,  as  well  as  of  uric  acid,  is  very  small,  anJ 
the  same  may  be  said  lor  the  jtejtsin  ami  ptt/nUn  ferments  that  are  said  to 
exi.st  in  muscle.  T'lurin  has  been  found  in  fish  and  horse  flesh,  and  Icncin  in 
horse  flesh. 
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GuANiN  (CjHjN'jO)  was  originally  obtained  from  guano,  in  which  it  exists 
in  the  proportion  of  about  i  to  |  per  cent. ;  but  it  has  also  been  found  in  small 
quantities  in  the  liver,  pancreas,  and  muscle.  It  forms  a  white  amorphous 
powder,  easily  soluble  in  potash,  soda,  and  the  mineral  acids,  but  insoluble  in 
water,  alcohol,  ether^  and  ammonia. 

It  is  prepared  by  boiling  Peruvian  guano  with  dilute  milk  of  lime  so  long 
as  the  filtrate  is  colored ;  the  residue  is  then  extracted  with  a  boiling  solution  of 
sodic  carbonate  until  the  sodic  extract  is  no  lonajer  precipitated  with  hydro- 
chloric acid ;  this  extract  is  then  treated  with  excess  of  acetic  acid,  and  the 
precipitate,  which  consists  of  guanin  mixed  with  uric  acid,  is  digested  with 
boiling  dilute  hydrochloric  acid,  the  solution  filtered,  and  the  guanin  precipitated 
from  the  filtrate  with  ammonia.  To  remove  the  uric  acid  completely,  repeat 
the  digestion  in  the  hydrochloric  acid  and  the  precipitation  with  ammonia. 

By  the  action  of  nitrous  acid  guanin  is  converted  into  xanthin,  C.H^N30+ 
HNO^^CjH^N^Ojj-j-HjO+N^;  and  when  a  hydrochloric  acid  solution  is  treated 
with  potassic  chromate  it  is  decomposed  into  guanidin,  parabanic,  oxaluric,  and 
oxalic  acids,  and  urea. 

Urea  is  present  in  muscle  only  in  diseased  conditions,  as  in  ura}mia  and 
cholera. 

II.  Non-nitrogenoiis  Bodies. 

1.  Inosify  or  Muscle  Sugar  (see  page  91). 

2.  Glycogen^  etc. — The  amount  of  this  is  less  in  tetanized  than  in  resting 
muscleni,  less  also  in  the  muscle  of  the  heart ;  but  the  quantity  present  depends 
somewhat  on  the  nature  of  the  food,  and  on  age,  for  more  glycogen  \&  propor- 
tionally present  in  young  than  in  old  muscle.  In  the  fresh  muscles  of  frogs 
from  0*3  to  0*5  per  cent,  can  be  extracted,  and  in  rabbits  04  to  0*5  per  cent. 

As  a  diastatic  ferment  is  also  present  in  muscular  tissue,  it  is  probable  that 
the  fermentable  sugar  found  in  muscle  after  death  is  derived  from  the  glycogen. 

3.  Fats. — These  belong  in  part  to  the  muscle  substance,  but  also,  particu- 
larly the  glycerophosphoric  acid  and  cholesterin,  to  the  nerves  present  in  the 
muscle.  Volatile  fattv  acids  can  likewise  be  extract<)d.  A  constant  constituent 
\s  paralactic  aculj  which  is  probably  combined  with  some  of  the  alkalies  of  the 
muscle. 

To  prepare  paralactic  acid  from  muscle^  dissolve  Liebig's  extract  of  meat 
in  four  parts  lukewarm  water,  and  then  with  constant  stirring  add  eight  parts 
alcohol  (90  per  cent.)  After  standing  some  time  decant  the  clear  supernatant 
liquid ;  distil  off  the  spirit,  and  having  acidified  with  dilute  sulphuric  acid  shake 
up  with  ether.  Distil  the  ether  extract,  precipitate  with  j)lumbic  carbonate, 
filter,  pass  sulphuretted  hydrogen  through  the  filtrate,  and  after  having  boiled 
neutralize  with  carbonate  of  zinc :  zinc  lactate  is  formed.  Evaporate  until  on 
cooling  crystals  begin  to  separate;  now  treat  the  residue  with  five  times  its 
volume  of  alcohol  (90  per  cent.)  After  some  time  collect  the  fine  crystalline 
precipitate  on  a  filter,  wash  with  alcohol,  and  then  dry  it.  To  separate  some 
lactate  that  still  remains  in  the  alcoholic  filtrate,  evaporate  the  latU»r,  dissolve 
up  the  residue  in  water,  and  precipitate  the  solution  several  times  with  alcohol. 
By  decomposing  with  hydric  sulphide  the  paralactate  of  zinc  thus  obtained,  fil- 
tering, evaporating  the  filtrate  to  a  syrup,  and  then  dissolving  it  in  pure  ether, 
the  zinc  can  be  separated  by  filtration.  From  the  last  filtrate  the  ether  is  dis- 
tilled off  and  the  residue  dried  in  vacuo. 

III.  Inorg^anic  Constituents. 

1.  Waier. — Its  average  is  about  75  per  cent.,  being  greater  in  cold  than  in 
warm-blooded  animals;  it  is  also  more  abundant  in  the  muscles  of  young  beasts. 
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diminishing  towards  adnlt  life  and  increasing  again  in  old  age ;  the  muscle  rich- 
est in  water  is  the  continually  acting  heart.  A  proportion  also  seems  to  be 
maintained  between  the  water  of  the  blood  imd  that  of  the  muscles,  for  with  a 
thin  blood  the  water  of  muscle  is  proportionally  greater;  and  the  same  occurs 
in  chronic  wasting  diseiises.  In  gri^at  thirst  the  water  of  muscle  is  said  to 
diminish.  In  females  and  weak  males  the  wat^r  is  more  abundant.  Indeed, 
age,  sex,  race,  activity,  and  alteration  of  diet  exercise  a  marked  influence  on  the 
chemical  composition  of  muscle,  particuhirly  in  the  amount  of  water. 

2.  Salts. — The  ash  of  muscle  is  characterized  by  the  •  preponderance  of 
potiLssic  salts  and  phosi)hates,  these  forming  nearly  80  per  cent.,  and  by  it:* 
poverty  in  so<la  salts  and  chlorine.  The  salts  of  magnesia  are  three  times  a.s 
abundant  as  those  of  lime,  and  alkaline  sulphates  are  present  only  in  small 
amount. 

In  dried  flesh  there  is  about  35  per  cent,  of  ash,  in  fresh  muscle  1'07  i>er 
cent.,  and  in  boili'd  flesh  1  per  cent.  (LlEBiGj. 

Boiling  produces  a  great  change  in  the  salts.  In  the  following  table  it 
will  be  seen  liow  nmch  of  these  salts  can  be  thus  extracted  (Keller)  : — 

In  the  Roup.  Remaining  in  the  flesh. 

Per  crnt.  Per  cent. 

Phosphoric  acid 2624                            10*36 

Potassium 3542                              4*78 

Potivssic  chloride      ....  14*81 

Earthy  and  iron  oxides    .     .  315                             2*54 

Sulphuric  acid 2*95 

82-57  1768 

Keller  therefore  gives  this  percentage  composition  of  the  ash  of  inusck:— 

Phosphoric  acid 36*60     I     Iron  and  earthy  oxides  .     .     .    5"69 

Potassium 4020  Sulphuric  acid 295 

Potussic  chloride       ....     1481 

The  phosphoric  acid  is  combined  with  the  potassium,  and  with  the  earthy 
and  iron  oxides  in  part,  and  the  sulphuric  acid  is  probably  present  in  great 
part  its  potassic  sulphate. 

Pathology. — Muscle  is  lialile  to  different  degenerations,  particularly 
fatty,  (luring  and  after  certain  diseases  and  in  old  age.  In  many  fevers 
more  or  less  of  a  degeneration  occurs.  In  fatty  degeneration  LiEBio 
has  found  as  much  as  49  j)er  cent,  of  fat.  In  chronic  alcoholism  the 
inosit  is  said  to  be  increased.  Urea,  uric  acid,  and  fats  have  also  been 
found  greatly  augmented  after  diftercnt  diseases.  In  cholera  urea  is 
met  with  in  the  muscles,  principally  those  in  which  the  most  cramps 
have  occurred,  and  this  is  possibly  due  to  the  want  of  a  solvent  medium 
to  remove  it. 

Sources  of  Muscular  Energy. — Liebig  was  of  opinion  that  the  pro- 
teids  were  the  exclusive  source  of  muscular  energy,  and  that  the  urea 
excreted,  <lerived  from  this  consumption  of  nitrogenous  material,  was 
proportionally  increase<l.  But  the  experiments  of  most  recent  ob- 
servers ])rove  this  theory  to  be  incorrect  (Parkes,  Voit,  E.  Smith. 
FrcK,  etc.),  and  show  that  the  oxidation  of  the  proteid  material  repre 
sented  by  the  urea  excreted  is  much  less  than  that  required  to  ac- 
complish the  work  ilone.  Pakkes.  indeed,  found  no  marked  increase 
in  the  urea  as  the  result  of  muscle  work,  often  rather  a  diminution  in 
its  amount  during  the  period  of  activity,  but  a  slight  subsequent  in- 
crease in  its  elimination. 
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There  is  no  doubt,  however,  as  to  the  increased  elimination  of  car- 
bonic acid  gas  at  the  lungs  produced  by  muscular  exercise.  A  man, 
for  example,  at  rest  consumed  in  the  twenty-four  hours  708  grams 
oxygen,  and  produced  911  grams  carbonic  anhydride;  but  when  doing 
work  the  numbers  were  954  grams  oxygen  and  1,284  grams  carbonic 
anhydride.  The  urea  excreted  in  the  same  time  in  each  case  amounted 
to  37*2  grams  during  the  day  of  rest,  and  37  grams  during  the  day  of 
activity  (Pettenkofer  and  Voit). 

The  source  of  the  energy  may  therefore  be  looked  for  in  the  non- 
nitrogenous  foods  (chiefly  the  carbohydrates),  the  muscle  only  acting 
as  an  apparatus  in  which  the  potential  energy  of  these  bodies  becomes 
kinetic.  Helmiioltz  has  arrived,  ])y  calculation,  at  the  conclusion 
that  in  the  human  organism  one-fifth  of  the  potential  energy  of  the 
material  thus  consumed  is  converted  into  kinetic  energy — which  is 
about  twice  the  amount  of  mechanical  work  that  can  be  obtained  by 
the  instrumentality  of  the  steam  engine.  (See  also  under  Urea,  Book 
IV.,  Chapter  VI.) 

OENEKAL  ANALYTICAL  METHODS  {after  Russel,  StAdeler,  etc.) 

A.  I.  Preparation  of  Watery  Extract. — Kill  a  dog  or  cat  by  de- 
capitation, open  its  abdomen  rapidly,  and  having  inserted  a  cannula 
into  its  aorta,  wash  out  the  vessels  with  sodic  chloride  solution  (10  per 
cent.);  then  cut  out  the  thigh  muscles,  and  mince  them  up  finely  with 
the  help  of  a  sausage  machine.  The  mass  is  next  covered  with  dis- 
tilled water,  stirred  well,  and  filtered  after  twenty  minutes  or  so 
through  linen,  compressing  to  assist  the  filtration. 

II.  If  the  extract  has  been  made  rapidly,  then  test  a  small  portion 
as  follows,  by  which  means  three  albumens  at  least  are  identified: — 

1.  Warm  a  little  to  20°  to  30*^;  it  will  become  acid,  and  deposit  a 

flocculent  precipitate;  but  if  the  juice  is  too  acid  no  precipitate  is 
thus  obtained. 

2.  Add  a  few  drops  of  dilute  acetic,  lactic,  or  hydrochloric  acid,  and 

note  the  formation  of  a  precipitate ;  separate  this  potassic  albu- 
minate by  filtration,  warm  up  the  filtrate  to  47°,  and  a  precipitate 
is  obtained ;  filter  and  warm  the  filtrate  to  75°,  and  a  second  pre- 
cipitate appears. 

3.  To  a  third  specimen  add  a  little  sodic  phosphate  solution,  and  then 

the  dilute  acid,  when  it  will  be  seen  that  no  precipitation  occurs, 
indicating  that  the  albumen  thrown  down  after  acidifying  as  in  2 
is  an  alkali  albuminate. 

III.  Separation  of  Soluble  Albumens.— The  filtrate  obtained  in  I.  is 
to  be  slightly  and  gradually  acidulated  with  dilute  hydrochloric  or 
acetic  acid  and  boiled:  any  soluble  albumens  present  are  throw  down. 
The  filtrate  is  to  be  used  in  the  subsequent  experiments. 

IV.  Precipitate  of  Phosphoric,  Sulphuric,  and  Uric  Acids,  of  Hypo- 
xanthin,  and  of  the  Kreatin  and  Gelatin  in  part.— These  bodies  are  pre- 
cipitated by  the  addition  of  baryta  tvater  to  the  filtrate  of  III. ;  filter. 

{a)  Boil  the  precipitate  some  time  with  a  ililutc  solution  of  vnnstic potash^ 
filter,  and  acidulate  the  filtrate  with  hydrochloric  acid;  if  a  precij)itate  appears 
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remove  it  by  the  addition  of  a  few  drops  of  caustic  potash,  and  then  add  am- 
nionic chloride:  uric  acid  is  precipitated  as  urate  of  ammonia.  Filter  after 
some  time. 

(b)  The  filtrate  from  the  baryta  precipitate  is  evaporated  over  a  water 
bath,  and  any  scum  that  forms  on  its  surface  is  to  be  removed  and  added  to 
the  precipitate  a;  when  a  syrup  has  been  formed  leave  it  aside  under  cover: 
little  prisms  of  kretitinin  will  be  deposited.  (Sometimes  little  semicrj'stalline 
yellow  spheres  of  leucin  may  be  deposited  here.)  Separate  the  crystals  and 
add  alcohol  to  the  mother  li(|uor  until  a  slight  cloudiness  appears,  then  lay 
aside  in  a  dry  ])lace  under  cover:  needles  or  crystalline  grains,  consisting  of 
potassic  or  baric  iuoafe^  magnesic  jyhospJutte,  or  kreatin  will  form. 

Dissolve  the  dej)Osit  in  warm  water  and  add  baric  chloride]  baric  inosate  \s 
precii)itated.  Filter,  boil  the  precipitate  with  a  little  dilute  sulphuric  acid, 
filter,  concentrate  the  filtrate,  and  add  alcohol;  inosic  acid  is  deposited. 

Mix  the  filtrate  from  the  baric  inosate  with  alcohol;  two  layers  are  gene- 
rally formed :  decant  the  one  from  the  other ;  the  lower  is  generally  syrupy. 
If  it  presents  a  gelatinous  or  membranous  precipitate,  separate  it  by  filtration, 
redissolve  the  precipitate  in  water,  and  reprecipitate  with  alcohol;  this  pre- 
cipitate is  generally  dextrin  or  glycogen. 

To  the  syrupy  liquor,  after  the  separation  of  the  gelatinous  precipitate 
when  present,  add  an  eijual  volume  of  ether;  two  layers  will  generally  form, 
as  before:  the  lower  one  may  contain  lactates,  volatile  fatty  acids^  and  inosit^ 
and  the  upper  kreatin^  kreatinin,  and  sometimes  leucin.  Decant  or  separate 
these  layers  by  means  of  a  suction  tube.  Concentrate  the  upper  layer  and 
leave  it  aside  to  crvstallize ;  if  Httle  hunelhe  are  formed  add  some  cold  alcohol, 
collect  on  a  filter,  wash  them  there  with  more  alcohol,  and  then  dissolve  them 
in  some  boiling  alc()hol;  when  the  alcohol  cools  kreatin  separates,  the  kreatinin 
remaining  in  solution. 

The  lower  stratum  f  jmied  by  the  addition  of  the  ether  is  syrupy;  add- 
sulj)liuri(r  acid  in  excess  to  remove  the  baryta,  filter,  and  distil  the  filtrate:  the 
volatile  fatty  acids  pass  into  the  distillate,  while  the  re^sidue  contains  sarcolndic 
and  succinic  adds,  from  which  they  can  l>e  removed  bv  treatin»r  it  with  ether. 
N()W  add  alcohol  to  the  residue  left  by  the  ether  until  a  precipitate  appears; 
this  consists  generally  of  crystals  <»f  suljdiate  of  potash  mixed  with  inosit.  if 
this  bodv  is  oriirinallv  ])res('nt. 

11  The  extractives  may  also  be  separated  as  follows  {St.\I)?:l?:r)  : — 

{a)  lleduci;  the  nuisclt*  to  small  fragments  and  digest  with  spirit  for  some 
tim(»,  warm,  and  then  express;  digest  the  residue  for  several  hours  with  water 
at  r)(P;  express  a  second  time,  and  unite  the  two  extracts.  Next  di.stil  off  the 
spirit,  and  filter  from  the  deposited  albumen.  Reduce  the  filtrate  to  a  small 
volume  by  evaporation,  and  a<ld  neutral  acetate  of  lead  to  c<an]>lete  j)recipita- 
tion;  filter,  and  ad<l  basic  acetate  of  lead  to  the  filtrate;  lay  aside  for  12  luairs, 
t^)  allow  th«»  precipitate  t<)  settle,  and  filter  again.  To  the  la.st  filtrate  add  ex- 
cess of  mercuric  acetate,  an<l  after  (»  hours  or  .so  collect  the  precipitate  on  a 
filter.  Treat  the  filtered  li(ju<»r  with  a  current  of  sulphuretted  hy<lrogen.  re- 
move the  precipitated  suljdiide.  reduce  the  clear  filtrate  to  a  small  volume 
without  letting  it  become  syruj)y:  lastly,  spread  this  concentrated  liquor  in 
thin  layers  in  a  series  of  shallow  vessels,  and  c<»m])lete  the  evaporation  at  a 
temperature  between  40°  and  50°:  an  abundant  j»recipitation  of  kreatin  «.>cciirs. 

(7>)  The  lead  precipitate  obtained  above  is  t()  be  suspended  in  water  and 

decomposed  with  hydric  sulphide  ;  xanthin  and  inosit  are  present  in  the  filtrate. 

Boil  the  latter  with  acetate  of  mercurv,  which  throws  down  the  xanthin:  col- 

*  -'  -  nvHgexpxtate.  wash  it,  and  then  suspend  it  in  water,  where  it  is  to  be  de- 

'•"H  a  current  of  hydric  sulphide ;  filter,  and  by  evaporating  the 

hin  will  cr}'stallize  out  in  yellowish  crusts. 


F 
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(ct  The  mcrfurie  pri'i'ipiiiiic  in  !^mpemM  in  waii-r  unci  ilttoiupim-d  iw  Iju- 
fore  with  sulpbuivHcd  hydrogen;   tbc  fiitnitc  eiiniains  xniilhin  and  uarkin. 
Evap«)TOU>  U»  n  etnnll  bulk  anil  add  lunuionia  in  excesa,  and  thi-n  silvtr  nitrate ; 
ixill«;t  the  precipitate,  wash  it  with  aniiuoiiiacal  wnlcr-Hnd  afterwards  with  di»-  I 
tilled  water,  then  pierce  the  filter  and  wash  down  the  pmipilnte  into  n  smnU  I 
flaik.  where  it  is  to  be  boiled  with  sufficient  nitric  acid  (ap.  gr.  \\)  to  make  a  J 
complete  solution.     Ai^r  it  has  stoud  about  t>  hours  filter  and  collect  the  ootn-  1 
biiialicn  of  oarkin  and  oxide  of  silver  that  has  been  deposited ;  to  the  filtrate  | 
add  ammonia  in  cscess,  and  a  yellowiBh  flocculent  precipitate  is  obtained  of  K 
cuuibinatton  of  the  same  oxide  with  xiiat/iiii. 

C.  Licbifi'B  extract  of  meal  may  bo  od  van  logo  ou  sly  used  lor  ilie  preparation 
of  most  of  the  extractives  'after  Bruston). 

1.  Make  a  watery  eslract  of  a  large  spoonful  or  so  of  ilie  L'xtract,  boil  it  \ 
quickly  tn  a  large  flask,  and  filter  through  linen  to  remove  the  cougnbiied  { 
albumen ;  let  tlic  Gliraie  cool,  and  add  acetale  of  lead  solution  to  complele  i 
precipitation,  but  avoiding  excess,  and  collect  the  precipitate. 

A.  The  le'iil  precipirtitr. — (»)  Suspend  it  in  val«r,  and  pass  ■  current  of  j 
BolphuretCed  hydrogen  through  the  liquid ;  filter  and  conceolrale  the  filtrate  f 
on  B  «Rt«r  bath-,  crystals  separate  out  gradually.  Filter  after  some  hours,  and  , 
vuh  the  collected  crjetals  of  vHc  ncid  with  water  and  then  with  spirit. 

(fi)  The  jiltnile  is  to  be  evafwrated  to  a  smalt  bulk,  its  own  volume  of 
dcoboi  added  to  it,  and  gently  warmed  if  a  turbidity  shows  iUelf.     Lay  aside 
fiir   several  days,   and  iuotil  may  crystallize  out ;  if  no  crystals  appear  add 
ether;  if  ci^stais  are  still  absent  evaporate  nearly  to  dryness,  and  aft«r  the    , 
addition  of  a  drop  of  nitric  acid  complete  the  evaporation ;  moisten  the  residua  | 
with  calcic  chloride  solution,  and  on  again  evaporating  to  dryness  a  rosy  red  I 
qwt  will  indicate  inotit. 

B.  The  Fillrale/rtnn  Oie  Lrcid  frecipiUile. — Precipitate  any  lead  present 
1th  sulphuretted  hydrc^en  and  filter. 

(,(()  The  filtrate  is  to  be  concentrated  to  a  thin  syrup,  and  then  laid  aaide 
several  days.  Crystals  of  kreniin  will  separate;  decant  the  supernatant 
[uid,  and  lo  precipitate  the  rest  of  the  kreaiiii  add  to  it  2  or  3  times  its 
line  of  olcubul  (88  per  cent.)  Collect  all  the  crystals  on  a  filter  and  wnafa  1 
1  with  spirit,  then  dissolvo  ihem  in  a  little  hot  wat«r,  and  on  the  solution  • 
ing  transparent  ohUi|Ue  rhtnubio  prisms  of  kreatln  will  be  ohudiied. 
(6)  Tilt)  ulcoholie  filtruttt  from  the  precipitated  krcatin  te  to  be  evuiiorttled 
'emove  the  alcohol,  next  diluted  with  water,  ammonia  added,  and  llien  uu 
imoniucHl  solution  of  silver  nitrate;  tar/nn  or  hypoxiinfhin  is  thrown  down 
■■  a  flocculent  precipitate,  whieh  is  to  be  allowed  to  subside,  and  ailcr  having 
been  washed  several  times  by  dccuntation  with  water  containing  ammonia  it  is 
to  be  collected  on  a  porous  filter  and  again  washed ;  now,  making  a  hole  in  the 
bottom  of  the  filter,  wo»h  the  precipitate  into  a  small  flask  with  nitric  acid 
(sp.  gr.  1-1 ).  The  flask  Is  next  to  be  boiled,  and  more  nitric  acid  added,  if 
nccrssnry,  to  eflect  complete  or  nearly  complete  solution.  Transfer  the  clear 
solution  to  a  beaker,  where  it  is  lo  stand  for  several  hours,  when  a  double  salt 
of  silver  and  sarkin  will  crysUiUiEe  out.  Decant  the  supernatant  li<|uid  (c), 
and,  having  washed  the  crystals  with  ammonio- nitrate  of  silver,  suspend  them 
in  water,  and  decompose  ihem  with  a  current  of  sulphuretted  hydrogen.  Filler, 
and  evaporuie  the  filtrate;  $arkm  cryatalliue  out. 

(c>  To  the  decnntLMl  li[|uld  add  auimonia  in  excess,  and  a  double  salt  of 
XHuthin  and  silver  nitrate  will  fall  as  a  floceulent  precipitate;  this,  aAor  having 
been  washed  by  decantution,  is  lo  he  suspended  in  boiling  water  and  decum]M»M)d 
with  hydrio  sulphide.     The  filtrate,  when  evaporated,  ^vcs  a  scaly  filui  of 
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CHAPTER  XXL 

NERVE. 

There  is  still  much  doubt  and  uncertainty,  as  well  as  difference  of 
opinion,  as  to  tlie  true  chemical  constitution  of  nerve  substance,  par- 
ticularly as  to  which  are  real  nerve  constituents  and  which  only  de- 
composition products  or  mere  mixtures.  With  this  very  vexed  and 
complicated  question  I  shall  try  to  deal  as  clearly  and  yet  as  briefly  a3 
possible. 

Jlistologicalli/  the  nervous  tissues  consist  of  nerve  cells,  nerve  fibres,  and  of 
a  supporting  framework  that  may  present  itself  as  white  fibrous  tissue  periphe- 
rally, or  as  the  retiform  neuroglia  throughout  the  nerve  substance. 

The  nerve  cells  are  little  masses  of  protoplasm,  more  or  less  irregular  in 
outline,  and  provided  with  branching  processes,  each  also  possessing  a  large, 
well-marked  nucleus  and  nucleolus.  The  protoplasm  is  granular  around  the 
nucleus,  but  striated  towards  the  periphery.  Of  the  processes  given  off  all 
branch,  with  the  exception  of  one,  which  is  usually  thicker  than  the  rest,  and 
said  to  be  continuous  with  the  nucleus,  the  so-called  axis-cylinder  process  of 
Dciters.  These  nerve  cells  generally  lie  in  groups,  as  we  see  in  the  anterior 
horns  of  the  gray  substance  of  the  spinal  cord,  or  in  layers,  as  in  the  gray 
substance  of  the  cerebrum. 

The  nerve  fibrils  ( 1 )  with  which  these  cells  are  connected  are  generally  either 
directly  or  indirectly  associated  together  so  as  to  form  naked  bundles  (2), 
which  are  to  be  found  as  such  in  the  gray  matter,  or  invested  with  a  medullary 
or  myelin  sheath  (3),  as  in  the  white  substance  of  the  nerve  centres;  or  covered 
with  a  fibrous  sheath  alone  (4j,  as  in  the  sympathetic  nerve  fibres;  or  provided 
with  the  double  investment  of  medullary  sheath,  and  outside  this  the  fibrous 
or  primitive  sheath  (5),  as  in  the  ordinary  peripheral  nerves  of  the  body.  A 
nerve,  it  may  be  said,  is  formed  of  one  or  more  bundles  of  the  last  two  kinds 
of  nerve  fibres  associated  together  in  varying  proportions. 

The  myelin  is  half  fluid  in  the  living  nerve;  it  swells  up  in  water  and  is 
soluble  in  alcohol,  ether,  and  spirits  of  turpentine,  and  consists  of  cholesterin, 
lecithin,  cerebrin,  albumen,  and  some  fatty  bodies.  Osmic  acid  stains  the 
myelin  sheath  black,  and  sulphuric  acid  gives  it  a  reddish  tint,  while  the  axis 
cylinder  reduces  chloride  of  gold  solutions,  is  stained  red  by  carmin,  and  is 
dissolved  bv  ammonia. 

The  term  gmy  suhstance  is  applied  to  the  periphery  of  the  brain,  the  cen- 
tral mass  of  the  spinal  cord,  and  to  the  ganglionic  masses  scattered  at  the  base 
of  the  brain,  as  well  as  elsewhere  in  the  body.  This  gray  substance  consists 
essentially  of  the  nerve  cells,  while  the  white  substance,  that  as  a  rule  forms 
the  great  mass  of  these  centres,  is  made  up  of  fibres. 

According  to  Meynert  a  vertical  section  of  the  cerebrum  presents  5  layers 
— (1)  a  co}niective-f issue  lai/cr  on  the  surface,  very  thin  in  man  and  the  higher 
animals;  only  very  few  nerve  elements  are  present;  (2)  a  narrow  layer  of  small 
pyramidid  cells  closely  arranged ;  ( 3)  a  broad  vertically  striated  band,  in  which 
lie  large  and  small  pyramidal  cells,  giving  off  numerous  ramified  branches;  (4) 
a  layer  of  grfinule-lilce  corpuscks;  (5)  beneath  this  a  layer  twice  as  broad,  with 
large  spindle-shaped  cells  scattered  through  it.  The  vessels  as  well  as  the 
ganglion  cells  are  surrounded  by  lymph  spaces  (His),  and  the  arteries  are 
further  provided  with  a  lymph  space  between  their  tunica  adventitia  and  media 
(Virchow,  Uorin). 

The  foliated  gray  substance  of  the  cerebellum  has  also  (1)  a  layer  of  the 
nature  of  connective  tissue  on  the  surface,  intermixed  with  some  delicate  nerve 
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fibrils;  beneath  this  a  (2)  row  of  ganglionic  fla^k-shnped  cells  of  large  size^ 
which  communicate  by  lateral  processes,  and  send  off  processes  outwards  and 
inwards,  and  then  (3)  a  thick  nuclear  layer  or  zone  of  small  round  cells  pre- 
senting a  granular  appearance. 

The  Gray  and  White  Matter. — There  is  much  diflBculty  in  making 
a  complete  separation  of  the  gray  and  white  matter.  In  the  case  of  the 
cerebrum   the  proportions  of  these  two  constituents  have  thus  been 

fiven  by  Daxilewsky:  gray,  37*7  to  39  per  cent;  the  white,  62*3  to 
1  per  cent, ;  and  the  superficies  of  the  gray  as  1,588  to  1,692  cm. 

Chemical  Composition. — A  close  analogy  appears  to  exist  between 
the  composition  of  an  egg  and  of  the  brain  substance ;  in  both  there 
are  the  same  richly  phosphorized  compounds,  albuminates,  and  proteids, 
also  cholesterin,  and  excess  of  phosphates  and  potassic  chloride. 

The  chief  constituents  will  he  first  summarized^  and  then  the  more 
important  of  them  considered  in  detail. 

1.  The  Water  is  very  variable  in  amount,  differing  indifferent  parts 
and  increasing  slightly  with  age.  In  general  where  the  phosphorized 
fats  are  most  abundant  the  water  is  in  smaller  proportion. 

Mean  Percentage  of  Water. 

Per  cent. 

In  the  whole  brain 71  to  83 

"       gray  substance  ot*  brain 84 

cerebellum 77  "  80 

"       medulla  oblongata 74 

"       spinal  cord 72 

'*       white  substance  of  brain 69 

In  nerves 72 

2.  Albuminates. — Chiefly  potash  albuminate,  also  a  globulin-like 
body  corresponding  to  myosin,  which  is  soluble  in  sodic  chloride  solu- 
tion (10  per  cent.)  and  precipitated  by  saturation  with  the  same  salt. 
There  is  in  addition  a  protcid  body,  probably  derived  from  the  gray 
matter,  which  is  soluble  in  water  and  coagulates  at  75°. 

3.  Albuminoids. — These  form  7  to  10  per  cent,  of  the  fresh  tissue 
of  the  brain,  and  somewhat  more  than  half  the  dry  residue  of  the  gray 
substance,  but  only  about  a  quarter  of  the  white.  Among  these  albu- 
minoids nuclein  is  described  as  present  (JAkscii)  in  the  proportion  of 
0*14  per  cent.  (Geoghegan);  but  some  chemists  regard  it  as  an  im- 
pure albuminous  substance  (Kingzett). 

4.  Substances  Soluble  in  Ether. — In  white  matter  these  amount  to 
15  to  17  per  cent.,  and  in  gray  to  4  to  7  per  cent. 

Ethereal  Extract  (Bibra). 


Compound. 

Brain. 

Spinal  cord. 

Nervea. 

Woman,  set.  40.      Man,  a;t.  3«i. 

Man,  8ct.  39. 

Cerebrin 

Cholesterin    .... 

Fats 

Phosphorized  fats  .    . 

20   to   21 
30    **    33 
60    "    46 

30-6 
32-8 
37-6 

23-7 
54-2 
221 

1 
340         1 
0-88 
94-97 
0-76 
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The  medulla  oblongata  and  the  spinal  cord  yield  the  most  ethereal 
extractives,  the  corpora  striata  and  optic  thalami  the  least;  but  the 
age  of  the  nerve  substance  affects  this  considerably. 

The  spinal  cord  seems  to  contain  less  phosphorus  than  the  cerebrum, 
and  the  gray  substance  of  the  latter  more  than  the  white. 

The  brain  of  the  new-born  contains  much  less  ethereal  extract  than 
the  same  organ  in  the  grown  animal,  but  its  water  is  more  abundant ; 
or,  in  other  words,  the  embryonic  brain  is  much  richer  in  water  and 
poorer  in  cholesterin,  etc.,  than  the  developed  brain.  Further,  we  find 
that  the  lower  a  mammal  stands  in  the  animal  scale  the  richer  is  its  brain 
in  water  and  the  poorer  in  ethereal  extract  (chiefly  cholesterin  and 
lecithin),  and  accordingly  the  nearer  does  it  approach  to  the  embryonic 
brain,  whilst  the  higher  the  animal's  postion  the  poorer  is  its  brain  in 
water,  and  the  richer  in  the  ethereal  extract.  Some  of  the  constituents 
removed  by  the  ether  are  probably  compounds  chiefly  derived  from 
retrograde  metamorphosis,  and,  as  this  is  possibly  ipost  active  in  the 
highest  brains,  we  can  readily  understand  why  the  amount  of  ethereal 
extract  increases  in  brains  of  higher  develapment.  That  it  is  indica- 
tive of  jictivity  may  also  be  seen  from  the  fact  that  the  very  active 
medulla  oblongata  and  the  continuously  active  spinal  cord  are  poorer 
in  water  and  very  much  richer  in  ethereal  extractives  than  the  brain 
substance  itself.  In  the  case  of  cholesterin  also  it  has  been  shown 
(Flint)  that  the  blood  of  the  carotid  artery  is  poorer  in  this  body  than 
that  of  the  internal  jugular  vein. 

Among  these  extractives,  in  addition  to  those  already  given  in 
Bibra's  tables,  there  are  neurin^  lecithin^  and  protagon ;  of  which 
some,  like  lecithin,  contain  phosphorus;  others,  like  cerebrin,  are 
devoid  of  it. 

5.  Watery  Extractives. — Of  these  there  are  xanthin^  hypoxanthin^ 
kreafinj  inoslt  (ox  brain),  sarcolaciic  and  succinic  acids,  and  some- 
times leucin  and  uric  acid  or  a  body  resembling  it.  Many  of  these 
extractives,  it  is  worth  noticing,  are  also  found  in  muscle,  indicating  a 
parallelism  in  their  tissue  changes;  they  are  all  products  of  retrograde 
metamorphosis,  but  the  leucin  and  uric  acid  are  said  only  to  be  present 
in  diseased  conditions.  It  is  probable  that  the  kreatin,  inosit,  xanthin, 
sarkin,  and  lactic  acid  are  derived  chfefly  from  the  gray  substance. 

6.  Salts. — Fresh  bruin  yields  an  average  of  Os")!  per  cent,  of  ash 
(Geoghegax),  Avhich  consists  chiefly  of  potassic  chloride  and  sodic 
phosphate  Avith  a  little  potassic  and  magnesic  phosphate,  sodic  carbon- 
ate, and  potassic  sulphate.  The  solid  residue  of  the  gray  substance 
contains  about  0-G3  per  cent,  more  phosphoric  acid  than  that  of  the 
white.  The  phosphoric  acid  appears  to  be  increased  by  brain  work, 
but  this  is  doubtful,  for  it  is  possible  that  while  the  total  phosphoric 
acid  remains  constant  the  alkaline  phosphates  may  be  increased  and 
the  earthy  phosphates  diminished.  The  urea  and  carbonic  acid  are 
also  said  to  be  increased  by  brain  work  or  prolonged  nervous  excitation, 
the  temperature  also  being  raised  (Davy). 

As  abnormal  constituents  we  may  find  urea  and  leucin  in  excess, 
as  also  excess  of  fats. 
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Xntiiiiate  Analysis. 

I.  Fresh  Cerebrum — Ox  (Petrowski). 

Gray  matter.  White. 

Per  cent.  Per  cent. 

Water       81*60  68-351 

Solids       18-40  31-65 

Solids  in  the  100  parts — 

Albumen  and  gelatin 5537  to  24-72 

Lecithin        17*24  "      O'OO 

Cholesterin  and  fats 1868  "   51*91 

Cerebrin        0*53  "     9*54 

Substances  insoluble  in  anhydrous  ether   6*71  "     3*34 

Salts 1*55  "     0*57 

II.  Mean  Compoaition. — Chief  Constituents  (after  Moleschott). 

Brain.  Spinal  oonl.         Nerves. 

Per  cent.  Per  cent.  Per  cent. 

Water 81*43  68*58  5707 

Albuminous  bodies      .  863  7*49 

Ethereal    extract  (fat, 
cerebrin,  cholesterin, 

etc.) 807  30-62  2211 

Salts 0-70  0-36  085 

Potassic  phosphate     .  027  017  018 

Sodic            "               .  0-23  0-08  013 

Calcic           '*               .  0-12  007  019 

III.  The  Ash. — Analysis  after  the  separation  of  the  Lecithin,  etc.  (Geoghegan). 

IVrcentage  in  fresh  hrain. 

Potassic  chloride 0277 

Sodic  phosphate 0*221 

Potassic     '*  0047 

Sodic  carbonate 0*044 

Magnesic  phosphate 0*030 

Potassic  sulphate       0*024 

Calcic  phosphate        0003 

Breed  only  obtained  0027  per  cent,  of  ash,  of  which  potiJisic  phosphate 
constituted  55*24  per  cent.,  and  sodic  phosphate  22*93  per  cent. 

ScHLOSSBERGER  found  1  per  cent,  in  the  jxray  substance  of  a  calf's  brain 
and  1-16  per  cent,  in  the  gray  matter  of  a  human  brain  (act.  75). 

Difference  between  the  Gray  and  }VJnte  Substance  Chemically, — 
Of  the  solids  (1)  the  albumens  and  neurokeratin  form  more  than  half 
the  gray  substance  and  only  about  one-fourth  of  the  white.  (2)  On 
the  other  hand,  cholesterin  and  fat  constitute  more  than  half  the  dry 
mass  of  the  white  and  about  one-fourth  of  the  gray ;  so  that  the  chief 
constituents,  so  far  as  quantity  is  concerned,  are  water  and  albumens 
in  the  gray,  and  water,  cholesterin,  and  fat  in  the  white  substance. 

(3)  In  addition,  the  gray  contains  about  twice  as  much  lecithin  as 
the  white,  but  less  cerebrin. 

(4)  The  gray  is  richer  in  mineral  constituents  than  the  white. 
The  ash  of  the  gray  substance  is  alkaline,  and  poorer  in  phosphates 
(Schlossberger)  ;  but,  according  to  Petrowsky,  the  solid  residue  of 
gray  substance  contains  0-629  per  cent,  more  phosphoric  acid  than 
that  of  the  white. 

18 
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(5)  The  gray  substance  is  weakly  acid,  containing  lactic  acid,  the 
acidity  increasing  after  death ;  the  white  substance  has  a  neutral  or 
slightly  alkaline  reaction,  and  is  not  altered  by  the  occurrence  of  death 
(Gscheidlen). 

1.  LECITHIN,  C^HgoNPOp,  or  C^aHg^NPO^.— This  body  is  present 
in  nerve  tissue,  particularly  the  gray  substance;  also  in  yolk  of  egg, 
semen,  blood  corpuscles  and  serum,  milk,  and  bile,  etc. 

Preparation. — 1 .  Digest  the  yolk  of  egg  with  ether,  and  when  the  resi- 
due has  lost  its  color  it  is  treated  with  absolute  alcohol,  and  the  alcoholic 
extract  filtered;  the  filtrate  is  cooled  to  — 10°,  when  a  solid  body  separatee, 
having  the  composition  C^^Hg^XPO^;  while  if   the  filtrate  is  evaporated  in 
vacuo  a  body  having  the  composition  of  C^Hy„NPO„  is  obtained.     This  last 
corresponds  to  the  lecithin  of  the  brain  (Diakonow).     Or,  instead  of  cooling, 
down  the  alcoholic  extract,  an  alcoholic  solution  of  platinic  or  cadmic  chloride? 
may  be  added,  which  precipitates  the  lecithin;  the  yellow  precipitate  obtained^ 
after  ha\dng  been  repeatedly  dissolved  in  ether  and  reprecipitated  by  alcoho*^!^ 
to  purify  it  from  fatty  matters,  is  decomposed  by  passing  sulphuretted  hydn^^ren^^i 

through  its  ethereal  solution.     It  is  then  filtered  and  the  filtrate  evaporated , 

when  chlorhydrate  of  lecithin  remains  behind.  This  may  be  again  dissolve<=:ad 
in  alcohol  and  ether,  shaken  up  with  oxide  of  silver,  filtered,  and  after  th^»-  e 
separation  of  the  dissolved  silver  by  hydric  sulphide  filtered  afresh  ana^»  d 
evaporated. 

2.  It  may  also  be  prepared  from  the  brain  substance.     Separate  the  me 
branes  and  vessels  from  fresh  brain,  and  rub  the  latter  into  a  paste  in  a 
then  digest  it  with  a  large  excess  of  alcohol,  and  let  it  stand  for  3  or  4  day^ss.  ~s, 

rubbine;  it  u])  from  time  to  time.     Filter  and  add  to  the  filtrate  platinic  chl< •<> 

ride  and  a  little  liydroehloric  acid.  Collect  the  yellow  flocculent  procij)itatc  o  -^">n 
a  filter,  dissolve  it  in  ether,  and  decompose  it  with  a  current  of  hydric  sulphide=r— ^; 
filter  again  and  evaporate,  when  a  waxy  ma.ss  will  be  obtained. 

General  Characters  and  Relations. — The  lecithins  play  the  part  ( —  ^f 
fatty  bodies,  and  are  readily  decomposed.  For  example,  if  an  alcoholi-^K'  ic 
solution  of  lecithin  is  poured  into  l)oiling  baryta  water,  a  precipitati^*^* 
of  phosplio-glyeerate,  oleate,  palmitate,  and  stearate  of  baryta  fallss^  -S, 
while  neurin  is  set  free,  C^^Hj^NPOg  +  3H2O  =  CgH^POg  (glycerc  :^  0- 
phosphoric  acid)  +  C^IIi-NOr,  (neurin)  +  2(0155X13^02)  (stearic  acid  --J). 
An  ethereal  solution  is  split  into  neurin  and  distearyl  phosphoric  aci^Kznd 
by  the  action  of  dilute  sulphuric  acid. 

Lecithin  may  therefore  be  regarded  as  a  glyceride  in  which  a  pho    -    s- 
phoric  acid  residue  replaces  the  fatty  acid  radicle — 

r  0(C,,H3,0) 

C3H,<^  0(C,,H,,O) 
(OPO.OII 

ocjixcii3)3N.on. 

In  other  words,  it  is  a  combination  of  distearyl,  dipalmitjl,  or  ole" 

0P0<^  CjH,.UH 
(O.OH 

neurin,   this   last  body  being   a  hydrate  of  trimethyl  hydroxylene 


f(CH3)3 


ammonium,   N<  CJi^.OH  (Diakoxow). 

(oh 
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Properties. — The  lecithin  of  brain  forms  a  colorless,  slightly  crys- . 
talline  powder,  often,  however,  presenting  itself  as  a  white,  waxy, 
hygroscopic  solid,  that  is  easily  fusible,  insoluble  in  water,  but  swelling 
up  in  it  like  starch  and  forming  an  emulsion  which  gives  a  flocculent 
precipitate  with  sodic  chloride.  It  is  slightly  soluble  in  cold  alcohol 
and  ether,  but  easily  soluble  in  the  same  fluids  when  warm  ;  also 
soluble  in  chlorofonn  and  benzole.  Lecithin  is  readily  decomposed, 
this  occurring  spontaneously  at  70°,  and  even  at  ordinary  temperatures 
the  same  occurs  when  it  stands  some  time.  Its  alcoholic  solution 
acidulated  with  hydrochloric  acid  gives  with  platinic  chloride  a  yellow- 
ish flocculent  precipitate  of  the  double  salt ;  and  with  cadmic  chloride 
a  white  flocculent  precipitate. 

• 

II.  PEOTAOON  (Cerebrote). 

Preparation. — The  brain  is  washed  by  injecting  water  through  the 
carotid ;  it  is  then  bruised  and  agitated  with  a  mixture  of  ether  and  water  kept 
at  a  temperature  of  0°,  and  frequently  renewed.  Alcohol  is  then  added  to  the 
extract  thus  obtained,  and  digestion  is  allowed  to  go  on  some  time  at  a  temper- 
ature of  45° ;  filter  next,  and  cool  the  filtrate  to  0°.  Flocculi  will  thus  be 
obtained,  which  are  to  be  collected  on  a  filter,  washed  in  ether  to  free  them 
from  cholesterin,  the  mass  then  dried  in  vacuo  and  redissolved  in  alcohol  at 
45°,  filtered,  and  reprecipitated  by  reducing  the  temperature  very  slowly  to  0°. 
This  treatment  is  repeated  several  times,  and  a  fine  crystalline  white  flocculent 
precipitate  is  obtained  (Liebreich). 

Eolations. — Protagon  forms  the  principal  part  of  the  white  sub- 
stance of  Schwann  ;  it  may  be  regarded  as  a  glucoside,  and  lecithin 
as  one  of  the  products  of  its  saponification  by  water.  It  was  first 
described  by  Liebreich,  and  closely  resembles  Fremy  and  Bibua's 
cerebric  acid  and  Gobley's  cerebrin ;  for  a  long  time  past  it  has  been 
regarded  as  a  mixture  of  lecithin  and  cerebrin,  but  some  recent  investi- 
gations appear  to  point  to  its  chemical  identity  (Gamgee),  although 
the  evidence  on  the  other  side  is  apparently  strong. 

Characters. — The  formuh^  C116H241N4PO22  (Liebreich)  and 
CiooHjogNjPOjs  (Gamgee,  etc.)  have  been  assigned  to  it. 

When  crystallized  from  warm  alcohol  it  fonns  small  fine  needles 
arranged  in  groups.  It  is  insoluble  in  water,  swelling  up  in  it,  how- 
ever, in  the  form  of  a  gelatinous  mass ;  it  is  insoluble  also  in  cold 
alcohol  and  ether,  but  is  soluble  in  warm  alcohol. 

III.  KEPHALINS  and  MYELINS,  etc. — Other  phosphorized  prin- 
ciples besides  protagon  and  lecithin  have  been  described  by  Thudi- 
CHUM,  which  he  classifies  as  kephalins  (C^oH-^NPOij)  and  myelins 
(C39HggNPOg,  etc.)  They  are  all  soluble  in  water,  kephalin  being  the 
more  soluble,  myelin  only  slightly  so ;  while  in  hot  alcohol  myelin  is 
readily  soluble,  but  kephalin  to  a  less  extent.  The  myelins  are  the 
more  stable.     They  all  give  the  Pettenkofer  reaction. 

In  addition  to  these,  other  new  combinations,  such  as  myeloidin, 
myelomargarin,  neurolic  acid,  etc.,  have  been  described  by  KOhler  ; 
but  further  proof  is  required  before  they  can  be  definitely  accepted. 

IV.  DECOMPOSITION  PKODTJCTS.— Certain  of  the  products  of 
decomposition  of  lecithin  and  protagon  are  the  same,  and  the  chief  of 
these  are  glycerin  phosphoric  acid,  neurin,  and  fatty  acids. 
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{a)  Glycerin  Phosphoric  Acid — 

C3H,P06  or  C3H,(OH)2.0.PO(OHV 
It  has  been  found  in  the  brain,  medulla  of  nerves,  in  muscle,  yolk  of 
egg,  and  in  bile  and  pus ;  probably,  however,  it  owes  its  presence  to 
the  decomposition  of  lecithin. 

It  is  obtained  when  lecithin  is  decomposed  by  boiling  it  with  an  alkaline 
solution,  and  is  said  to  be  produced  synthetically  by  adding  equivalent  quan- 
tities of  phosphoric  anhydride  (PjO^)  or  powdered  metaphosphoric  acid 
(HPO3)  to  glycerin  contained  in  a  vessel  surrounded  by  a  freezing  mixture. 
Water  is  afterwards  added,  and  baric  carbonate  to  neutralization ;  the  baric 
phosphate  is  filtered  off,  the  filtrate  carefully  neutralized  with  dilute  sulphuric 
acid,  and  the  baric  sulphate  removed.  Finally,  concentrate  in  vacuo  at  a  low 
temperature. 

Properties. — The  free  acid  forms   a  syrupy  mass   that    dissolves 
readily  in  water ;  it  is  dibasic,  and  is  precipitated  by  salts  of  barytSi. 
and  lead.     Its   combinations  with  baryta  and  lime  are  insoluble  in 
absolute    alcohol,   but    easily   soluble    in    water,    the    calcium    salt- 
[C3H5(OH)2.0.P0.02Ca]  being  more  soluble  in  cold  than  in  hot  watery 
its  combination  with  zinc  closely  resembles  the  lactate  in  crystallim 
appearance. 

The  phosphorus  present  in  nerve  matter  is"  probably  in  the  satu- 


rated oxydized  form :  in  this  condition  it  seems  to  exist  not  only  iii_  _- 1 
glycerin  phosphoric  acid,  but  also  in  lecithin  and  nuclein. 

(6)  Neurin  (Bthneurin,  ChoUn\  C5H15NO2,  possesses  the  charac-  ^- 
ters  of  an  alkaloid,  and  it  generally  occurs  associated  with  lecithin.  I"  — *t 
is  identical  with  cholin,  a  decomposition  product  of  bile. 

Neurin  itself  results  from  the  decomposition  of  protagon  anc^  -^ 
lecithin,  and  can  be  obtained  from  brain,  yolk  of  egg,  or  bile. 

Preparation.  1.  From  Brain. — Wash  the  brain  with  water,  then  breaMT  -^k 
it  up,  exhaust  it  with  ether,  and  boil  the  residue  with  baryta  water  to  split  uy^_^P 
the  lecithin.  After  some  hours  the  excess  of  baryta  is  removed  by  sulphuric  -^}^ 
acid,  the  filtrate  concentrated,  and  then  digested  with  alcohol.  The  alcoholic-  ^^-!^ 
solution  is  next  evaporated  to  dryness,  and  the  residue  treated  over  a  hot  ai  -^^  ^^ 
bath  with  a  solution  of  plumbic  oxide  to  destroy  the  salts  of  ammonia.  Filter-^^c^  ''"' 
precipitate  the  lead  with  sulphuretted  hydrogen,  evaporate  to  dryness,  make  a^  ^° 
alcoholic  extract,  and  add  to  this  platinic  chloride ;  on  evaporation  a  doubW  "^ 
salt  of  neuriu  and  platinic  chloride  is  obtained.  This  last  b  washed  in  alcohol^^  ''' 
dissolved  in  water,  sulphuretted  hydro<:eu  passed  through  the  solution,  th*-  _^^ 
whole  filtered,  and  the  filtrate  slowly  evaporated.  Chlorhydrate  of  neurin  i  ■^['^ 
thus  obtained,  from  which  the  neurin  can  be  separated  by  treating  it  witF 
silver  oxide. 

2.   Frojn  Yolk  of  Egfj. — Exhaust  the  yolk  first  with  ether  and  then  witL^ 
boiling  alcohol ;  distil  the  mixed  extracts,  and  boil    the  residue  with   baryi 
water.     Precipitate  excess  of  baryta  with  a  current  of  carbonic  anhydride 
filter,  and  evaporate  to  dryness.     Dissolve  up  the  residue  in  absolute  alcoho  ^; 
filter,  and  add  platinic  chloride,  which  throws  down  the  neurin.     From  tl»-  *? 
yellow  crystalline  precipitate  the  neurin  is  obtained  as  in  the  first  method. 

Properties. — Neurin  is  a  syrupy  liquid  that  is  alkaline  in  reaction 
and  soluble  in  water,  alcohol,  and  ether;  it  forms  combinations  witA 
carbonic  and  sulphuric  acids,  and  double  salts  with  the  chlorides  of 
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gold  and  platinum.  Neurin  is  a  most  unstable  body,  as  when  heated 
it  splits  into  glycol  and  trimethylamine,  CoH^(OH)2N(CH3)3  = 
C^RJiOll)^  (glycol) +N(C £[3)3  (trimethylamine).  Its  hydrochlorate 
crystallizes  in  colorless  needles  or  plates  insoluble  in  ether,  but  solu- 
ble in  alcohol,  from  which  solution  platinie  chloride  throws  down  a 
yellow  crystalline  precipitate. 

(e)  Cerebral  Fats,  etc. — These  bodies  appear  to  result  from  the  de- 
composition of  more  complex  bodies,  such  as  lecithin  and  the  like.  They 
include  stearin  and  stearic  acid,  palmitin  and  palmitic  acid,  and  oleo- 
phosphoric  acid,  etc.  Many  of  them  may  be  regarded  as  products  of 
tissue  metamorphosis. 

(d)  Cholesterin,  Ca^H^^O. — The  brain  contains  1-15  to  0*7  per 
cent.  (Flint)  ;  in  the  brain  of  a  boy  (let.  lo)  Benecke  found  2-34 
per  cent.,  and  in  that  of  a  woman  (xt  19)  2-12  j)er  cent.  According 
to  BiBRA  it  forms  about  one-third  of  the  cerebral  fat,  along  with  the 
fats  constituting  over  half  the  total  solids  of  the  white  substance,  and 
more  than  one-fifth  of  the  solids  of  the  gray. 

To  extract  the  cholesterin  from  a  body  like  the  brain  divide  it  into  small 
fragments  and  digest  repeatedly  with  ether ;  decant  and  evaporate  off  the 
ether ;  treat  the  residue  with  boiling  alcoholic  solution  of  caustic  potash  ;  con- 
centrate, adding  a  little  water  from  time  to  time,  and  then  shake  well  with 
ether.  The  ethereal  solution,  when  decanted  and  evaporated,  deposits  choles- 
terin ;  crystallize  the  deposit  afresh  from  a  mixture  of  alcohol  and  ether. 

V.  CEREBEIN  {Cerebric  Acid,  Cerebrate,  Stearoconot(>),  C17H33NO3 
(CjtH^NgOjj,  Thudichum). — This  is  one  of  the  non-phosphorized 
nitrogenous  constituents.  Besides  occurring  largely  in  the  brain,  it  is 
also  found  in  the  axis  cylinder  of  nerves,  in  the  yolk  of  eggs,  and  in 
pus  corpuscles,  etc. 

Preparation. — 1.  Gobley  prepares  it  from  the  yolk  of  egg  by  boiling  its 
ethereal  solution  with  dilute  hydrochloric  acid,  separating  the  oily  layer  and 
leaving  it  aside.  After  a  time  flocculi  are  deposited,  which  are  dissolved  in 
boiling  alcohol,  and  reprecipitated,  on  the  alcohol  cooling,  in  a  crystalline 
condition. 

2.  In  the  case  of  the  brain  the  nerve  substance  is  rubbed  up  with  baryta 
water  so  as  to  form  a  thin  milky  fluid,  then  boiled,  and  the  resulting  coagulum 
extracted  with  boiling  alcohol ;  the  alcoholic  solution  on  cooling  deposits  ccre- 
brin  and  cholesterin:  the  latter  of  which  is  removed  by  cold  ether.  The 
insoluble  residue  is  purified  by  repeated  crystallization  from  boiling  alcohol 
(MCller). 

3.  The  residue  left  by  the  alcohol  in  the  preparation  of  lecithin  is  to  be 
repeatedly  digested  with  large  quantities  of  ether  until  the  exhaustion  is 
complete;  now  extract  the  hot  alcohol  several  times  and  filter  hot:  cerebrin 
crystallizes  out  on  the  alcohol  cooling.  Filter  off  the  alcohol  and  wash  the 
crystalline  precipitate  with  ether;  then  boil  it  for  an  hour  with  baryta  water. 
Pass  a  current  of  carbonic  acid  gas,  filter,  and  wash  the  precipitate  with  water 
and  alcohol;  then  digest  the  precipitate  with  hot  alcohol  and  filter  while  still 
warm. 

The  crystalline  deposit  maybe  again  dissolved  in  hot  alcohol,  and  after  being 
once  more  allowed  to  settle  it  is  washed  afresh  with  ether  and  then  dried. 

DiAKONOW  has  obtained  it  by  the  decomposition  of  the  protagon  of  brain 
or  of  yolk  of  eg^. 
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Fropertiea.— Cerebri n  forms  a  soft,  light,  amorphous,  moderateI^| 
hygroscopic  puwrler  that  is  insoluble  in  water,  swelling  up  in  it,  how'jj 
ever,  like  stitrcli  when  boileil;  in^soluble  also  in  boiling  alkalies  and  co1^| 
alcohol  and  ether,  but  soluble  in  boiling  alcohol,  ether,  acetone,  andfl 
chloroform.  ■ 

Cerebrin  may  be  reganleil  as  a  nitrogenous  gliicoside,  as  it  fiirnishefj 
a  left  polarizing  unfermentaMe  sugar  when  boiled  with  acids.  It  com>9 
bines  with  bases,  and  its  solutions  are  neutral  and  not  decomposed  bj-% 
long  boiling  with  water,  although  it  is  completely  broken  up  when  heated  1 
with  baryta  water.  1 

Composition  mid  Fortiiiilee. — Although  the  finrmuln  C|,H.,SO,  has  been  \ 
assigned  to  it  by  MCller,  it  is  still  uncertain  whether  it  is  a  ctieiuicn I  compound  I 
or  a  mixture.  The  formula  C5,H,|„X0„  is  given  to  it  by  Geouhegan',  ond  it4  I 
percentage  composition  has  been  stated  as  C ^ 06-35,  N  ^^ l-'JO.  H  =-  1096,  I 
0  =  20-40.  Cerebrin  prepared  after  Mt'LLBR's  prucess  yielded  Fabcus  ibe  I 
formula  C„H|„N„0,j.  In  tlie  mother  liquor  Parcus  also  obtained  two  other  | 
bodies,  homocereliriii  CC„H|j,N,0„)  and  encephalin  ( C|„H^N|,0[,).  FARCUB'a  \ 
cerebrin,  however,  differe  considerably  from  the  cerebrin  described  by  Mt'Lt.EB  I 
both  in  its  percentage  composition  and  in  its  properties.  He  eonsiders  j 
that  TmrotcHtiM,  in  some  of  his  compounds,  must  have  been  examining  I 
impure  specimens  of  cerebrin,  which,  on  ibe  other  band,  TRUntcHtru  denies,  ] 
at  the  same  time  questioning  the  general  accuracy  of  Parcl's's  results.  J 
PARcrs,  it  may  be  snid,  further  concludes  that  nitrogen  is  not  removed  hy  I 
alcohol  from  cerebrin,  and  that  the  cercbrins  previously  described  consist  of  i 
mixtures  of  cerebrin,  homocerebrin,  and  enccphalin.  I 

VI.  NEUBO-EERATIN, — This  is  the  same  sulphur-containing  body 
that  is  found  in  epidermic  structures,  such  as  hair  and  nail.  The  cen- 
tral and  peripheral  nervous  system  are  developed  from  the  samp  layer 
of  the  blastoilerm  as  the  epiderniis,  and  one  point  in  common  remains 
between  them  in  the  fact  of  their  both  yielding  keratin.  i 

Neuro-keratin  ig  obtained  by  macerating  sections  of  nerve  tissue  in  an  arti-  | 
fiviol  digestive  fluid,  and  then  extracting  the  re^due  with  dilute  alkali,  as  fotlowa: 
Exhaust  finely  dirideil  gray  substance  of  ox  brain  with  alcohol  and  then  with 
etlier;  dry  and  powder  the  residue,  which  ts  again  boiled  with  alcohol  and  nf\er- 
wards  with  water,  when  it  is  to  be  digested,  first  with  pepsin  fluid,  and,  after 
having  been  washed  in  vrater,  again  digesl«^  for  24  hours  with  trypsin  fluid 
contAitdng  salicylic  acid,  and  subsequently  for  six  hours  in  fresh  trypsm  fluid  at 
a  temperature  of  40°.  The  residue  is  washed  with  cold  water  and  then  with 
hot  sodic  carbonate  solution,  and  afterwards  extracted  with  dilute  caustic  soda 
()  per  cent.)  What  is  left  behind  is  treated  with  acetic  acid,  alcohol,  and  ethor  ] 
in  succession,     A  yellow  powder  ri 

Neiiro-teratin  contains  2-J'  per  cent,  snlpbur  and  1'6  per  cent,  oshj,, 
Rnd  when  boiled  with  dilute  sulphuric  acid,  like  keratin  of  horn,  it  yic' " 
much  lyrusin  hul  Icjis  Icucin.  Some  lo  to  20  per  cent,  of  this  body  i) 
said  to  he  present  in  the  bruin  substance. 

VII.  PHRENOSIN  is  a  body  prepared  by  Thidiciium  from  the  * 
matter  dial  separates  on  eoolin;;  an  nlcoholic  extract  ol'  the  brain,  by  submitting 
it  to  repealed  fractiuual  erystQlliialiuna  from  alcohol,  and  preoipilation  of  the 
pho^pborixed  budies  by  lead  nuetate  an<l  cadniinm  chloride.  The  phrenoBJQ, 
tofreilier  with  keniBhi  and  cerebnms  acid,  according  tr.  TnuDlcHUU.  remain  n 


e  separated  by  fmctiomd  cryslnllizi 
"ing  cooled  to  2^*°,  deposita  chiefly  plireniis 


u  much  alcohol,  whioh,-^ 
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This  body  is  white,  tasteless,  and  odorless,  and  crystallizes  from  absolute 
alcohol  in  white  rosettes.  The  formula  C^^H^NOg  is  assigned  to  it.  By  long- 
continued  action  upon  it  of  dilute  sulphuric  acid  at  a  moderately  high  tempera- 
ture cerehrose  (C^Hj^O.),  sphingosin  (CpHj^NOg),  a  crystalline  aJkaloid,  and 
neuro-stearic  acid  (CjjjHjgOj)  are  said  to  be  formed  (Th¥DICHUm). 

The  follovnng  is  the  method  adopted  by  Thudichum  for  isolating 
and  separating  the  brain  constititents : — 

A  series  of  brains  are  freed  from  their  membranes,  rapidly  washed 
in  water,  hardened  in  alcohol,  minced  and  reduced  to  a  pulp  with  spirit 
(85  per  cent.),  and  repeatedly  extracted  with  the  same  fluid,  being 
heated  for  some  time  to  50°  C. ;  the  w^arra  solution  is  filtered,  and  the 
filtrate  allowed  to  cool.  An  undissolved  albuminous  residue  remains 
behind. 


Alcoholic  Exiract. — This  on  cooling?  deposits  a  white  precipitate,   which  Insoluble  alhuminou!) 

Tin'DinirM  terms  tchUe  matter.    After  tihration  the  mother  liquor  is  residue, 

concentrate*!  by  dLxt illation,  and  on  coolinj?  a  buttery  matter  in  de- 
]X«(ited.  Further  concentration  yields  more  of  the  >ame  sul»»tance 
(the  tost  oily).    The  ultimate  filtrate  contains  the  water  extracts. 

These  deixwits  are  extracted  by  means  of  ether. 


Reddish-colored  fluorescent  golution  which  is  White  insoluble  matter,  consistiug  mainly  of 

precipiiaied  by  an  equal  volume  of  alcohol.  the  rerebriru  and  myelint.    They  may  be 

I  separated  by  fractional  recrystalliza'tion 

I                                                   i  from  hot  alcoholic  solutions,  and  precipi- 

A  precipitate  of  hephalin*  mixed              A  mother  tate<l  by  alcoholic  solutions  of  lead  acetate 

with  ehtdetierin  and  leeUkin.                 liijuor.  and  cadmic  chloruU. 

DistU  to  remove  ether  and  a  little  D»til  still  further:  lecithin  with  some  eholesterin  deported  on 
of  the  alcohol :  on  cooling  C(K>ling.    The  recrystalllzation  of  this  deposit  from  alcohol 
I gives 

I  I  \ 

Cholesterin  The  filtrate  is  nrecipi-  |  | 

deposited.                  tateil  by  aicohoiic  Deposit  of              .Solution  containing  lecithin  witli 

solution  of  cadmic  Cholesterin.                   some  kephalin    and    myelin, 

chloride.  from  which  it  may  be  sepa- 

I ratetl  by  alcoholic  solution  of 

1                                                           I  cadmic  chloride. 

The  precipitate  is  extracted  Filtrate  that  dc!M>sits 

with  ether.  cholesterinonlieing 

I  concentrated. 

Solution  of  JbepAo-         Insoluble  mixture 
Urn;      prmpi-  of  lecithin  with 

tatedbya/coAo/.  some  myelin 

salt. 

The  author  has  followed  the  above  method  on  a  small  scale  with  very  good 
results,  though  it  entails  the  expenditure  of  much  time  and  trouble. 

Sonnenschein's  Method  for  Isolating  Alkaloidal  Principles.— This  is 
especially  applicable  to  nerve  substance.  The  reagent,  which  is  a  phospho- 
molybdic  solution,  is  thus  prepared :  Molybdate  of  ammonia  and  sodic  phosphate 
are  dissolved  together  in  such  proportions  that  30  parts  of  the  phosphorus  are 
present  for  one  of  molybdenum ;  this  solution  is  precipitated  by  nitric  acid,  and 
the  yellow  precipitate  obtained  is  dissolved  in  a  strong  solution  of  sodic  carbon- 
ate. The  solution  is  evaporated  to  dryness  and  then  fused  after  the  addition  of 
a  little  nitre.  When  required  for  use  it  is  dissolved  in  water,  and  dilute  nitric 
acid  (1  to  6)  added  until  a  golden  yellow  color  is  attained. 

This  reagent  is  added  to  the  alkaloidal  solution  to  complete  precipitation,  the 
precipitate  filtered  oflf  and  washed  with  acidulated  water,  the  acid  used  being  at 
first  nitric  and  then  sulphuric;  afterwards  it  is  heated  with  saturated  baryta 
water,  which  gives  a  precipitate  of  phospho-molybdate  of  barium.  Carbonic 
acid  is  next  passed  through  the  solution  and  the  precipitated  baryta  separated 
by  filtration,  the  alkaloid  remaining  behind  in  solution. 
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CHAPTER  XXII. 

THE  EYE, 

Eetina,  Aqueous  and  Vitreous  Humor,  and  Cornea. 

I.  The  reaction  of  the  fresh  retina  is  acid,  but  after  twenty-four  to 
forty-eight  hours  in  the  dark  it  is  neutral. 

Among  the  bodies  that  can  be  extracted  from  the  retina  are  albumen, 
an  albuminoid,  trimethylamine,  cholin,  neuro-keratin,  nuclein,  myeloid 
bodies,  and  fats  of  different  colors,  varying  between  golden  yellow  and 
orange,  the  coloration  being  due  to  lipochrin  (KChne),  a  body  allied  to 
lutein. 

Cahours  gives  the  subjoined  analysis  of  the  retina: — 

Water 8652  '  Cholesterin 0-77 

Albuminoids 677  Fat 047 

Bodies    resembling  albu-  |  Lecithin 2*08 

minoids 1*59  Soluble  salts 0*93 

Alcoholic  extractives    .    .  0*25  '  Insoluble " 0'02 

Watery            "             .    .  0*52  ;  Cerebrin traces. 

The  salts  are  chiefly  phosphate,  chloride,  and  carbonate  of  soda, 
with  sulphate  and  chloride  of  potassium.  The  albuminoids  include 
myosin,  serum  albumen,  and  a  body  resembling  mucin. 

The  rods  and  cones  contain  keratin  as  well  as  an  albuminous  and 
a  myeloidal  body  (KtiiNE).  In  the  cones  small  particles  of  colored  &t 
are  to  be  seen.  This  colored  fat  is  named  chromophane^  and,  according 
to  its  color,  is  distinguished  as  chlorophane^  xanthophane,  etc.,  each  hav- 
ing its  own  absorption  spectrum.  This  ohromophane  appears  to  be 
pre-existent  (KThxe),  but  wliether  there  is  only  one  coloring  stuff 
present  or  several  seems  still  a  matter  of  opinion  (Walchi,  Capranica, 
etc.)  The  chromophane  according  to  KtHXE,  is  not  altered  by  the 
action  of  alcohol,  ether,  l)enzole,  chloroform,  or  an  alcoholic  solution 
of  caustic  soda.  Retin;e  ra])idly  dried  in  vacuo  and  rubbed  up  with 
ice-cold  alcohol  readily  part  with  their  chromophane;  and  this  solution 
when  evaporated  leaves  behind  a  reddish  varnish-like  residue  from 
Avhich  water  extracts  a  colorless  crystalline  substance.  By  making  a 
hot  alcoholic  extract  of  a  number  of  retiniv,  filtering  hot,  washing  with 
warm  alcohol,  and  then  extracting  with  ether,  chromophane  can  also 
be  obtained.  The  ethereal  extract  is  next  to  be  evaporated  and  the 
pale  supernatant  layer  removed  with  a  pipette  from  the  colored  residue 
(KChne). 

The  retinal  rods  were  first  descril)ed  bv  Krohx,  H.  MCller  and 
ScHULTZE  as  being  red-colored  in  many  animals.  Boll  next  described 
the  retime  of  frogs  and  other  animals  that  had  been  kept  some  time  in 
the  dark  as  presenting  a  purple  tint,  while  the  retinae  of  animals  that 
had  been  exposed  to  the  direct  sunlight  were  completely  colorless. 
This  red  or  purple  tint  of  the  living  retinje,  which  the  exposure  of 
light  rapidly  destroyed,  Avas  restored  again  by  allowing  the  retinae  to 
rest  in  the  dark ;  indeed,  in  the  living  eye  this  visual  purple  is  being 
constantly  decomposed  and  as  constantly  regenerated  by  the  chloroidal 
epithelium.     The  red  color  ap])ears  to  reside  in  the  outer  limbs  of  the 
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rods,  and  to  change  into  a  yellow  before  disappearing.  Among  these 
red  rods  Boll  also  described  bright  green  rods  which  likewise  lost 
their  color  on  exposure  to  the  light.  KtiiNE's  subsequent  researches 
establish  the  fact  that  this  visual  purple^  as  it  has  been  called,  is  highly 
sensitive  to  light,  and  that  images  may  be  temporarily  photographed 
on  the  retina  by  its  means,  and  thus  produce  the  accuracy  of  the  visual 
impressions.  Vision  therefore  appears  to  be  attended  with  an  obvious 
chemical  attraction  in  the  retinal  rods,  and  it  is  possible  that  this 
chemical  change  may  be  propagated  to  the  central  organs ;  but  that 
this  change  of  color  is  not  essential  to  correct  vision  appears  from  the 
absence  of  the  visual  purple  from  the  eyes  of  several  animals,  and  particu- 
larly from  the  most  sensitive  point  of  the  human  eye,  ilie  fovea  centralis. 

KChne  has  obtained  this  vision  purple  by  acting  in  the  dark  on 
the  purple-colored  rods  with  a  two  to  three  per  cent,  solution  of  the 
soda  salt  of  the  biliary  acids,  filteping,  and  then  separating  the  soda 
salt  by  osmose:  a  myelin,  purple-colored  magma  Wias  thus  separated, 
whose  color  is  also  removed  by  exposure  to  tlie  light,  first,  however, 
becoming  yellow;  or,  as  KChne  expresses  it,  the  visual  purple  has  as 
its  products  a  visual  yellow  and  a  visual  white.  The  color  is  destroyed 
by  the  action  of  the  caustic  alkalies,  and  is  taken  up  by  alcohol,  ether, 
chloroform,  iodine,  and  bromine.  The  visual  purple  resists  strongly 
the  action  of  oxidizing  and  reducing  agents.  KChne  only  found  the 
visual  purple  in  the  outer  part  of  the  rods,  but  absent  from  the  cones, 
the  intensity  of  the  coloration  varying  in  different  animals,  while  in 
some  all  coloration  is  absent.  It  is  said  to  possess  an  absorption  spec- 
trum. Its  carmine  red  solution  in  the  soda  salt  of  the  biliary  acids 
absorbs  all  the  light  rays  from  yellowish  green  to  violet. 

The  red  color  presented  by  the  retina  under  ophthalmic  examina- 
tion is  due  in  part  to  this  pigment,  but  also  to  the  blood  in  the  vessels. 

II.  In  the  pigmental^'  layer  of  the  retina  are  to  be  met  with  flat- 
tened hexagonal  nucleated  cells  filled  with  pigment.  This  fuscin 
pigment  or  melanin  (1)  occurs  as  small  brownivsh  granules  that  are 
insoluble  in  water,  alcohol,  ether,  and  dilute  mineral  acids.  Its  origin 
is  supposed  to  be  the  hn?matin  of  the  blood.  It  contains  0-25  per 
cent,  of  iron,  and  has  this  percentage  composition: — 


(.StUKRKR.) 

(BOROW.) 

C  —  5808 

540 

H  -r=   5-91 

5-3 

N  --- 13-76 

10-1 

0  -  22  23 

300 

Ash     ....     0*6 

Colored  oily  drops  (2)  are  met  with  in  the  retime  of  fishes,  birds, 
reptiles,  and  of  some  mammals.  These  drops  are  yellowish  green  to 
a  ruby  red  color;  with  strong  sulphuric  acid  the  color  changes  to  a 
dark  violet  or  deep  blue.  The  yellow  and  red  drops  contain  the  same 
pigment;  and  the  yellow  solution  of  the  pigment  in  alcohol,  ether,  or 
chloroform  gives  tAvo  absorption  bands,  one  at  the  line  F  and  the  other 
between  F  and  g,  somewhat  resembling  lutein. 

Together  with  the  vision  purple  there  therefore  appear  to  be  three 
pigments  in  the  retina. 
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III.  (a)  Aqueous  Humor  (Lohmeyer), — 


Water 

Per  cent. 
.    98*68  to  98*64 

Solids        

1-32  **    1*36 

^-Vlbunien        .    .    .    . 

012  *•    013 

Extractives    .    .    .    . 
iDorfiranic  salts 

0*42  '*    0-32 
0*77  *•    0*88 

Sodic  chloride 

0*68  "    0*77 

Potiissic  " 

001  **    006 

"        sulphate     . 
Calcic  and  maguesic 

phosphate 

002  "    001 
0  04  "    0  01 

The  aqueous  humor  contains  serum  albumen  and  globulin,  which  are  pres- 
ent in  the  relative  proportions  of  0*06  and  009  per  cent. 

(b)  The  fluid  expressed  from  the  vitreous  humor  (which  is  itself 
mucous  connect  ire  tissue)  has  an  alkaline  reaction,  is  coagulated  by  the 
addition  of  acids,  alkalies,  and  acetate  of  lead,  but  is  not  coagulated 
by  heat  or  by  the  addition  of  alcohol. 

The  vitreous  humor  contains  only  14  per  cent,  solids,  of  which 
more  than  half  are  inorganic  salts,  together  with  a  little  mucin  and 
traces  of  albumen.     It  has  a  density  of  1*33. 

IV.  Tears  have  a  simple  composition  (Lerch)  ;  they  are  clear  and 
slightly  alkaline. 

Per  cent. 

Water        98*0 

Albumen,,  with  traces  of  mucus 0*5 

Sodic  chloride 1*3 

Other  salts  (as  alkaline  and  earthy  phosphates)  .      0*02 

For  the  cvj/HtaUine  lens  see  p.  244. 

V.  The  Cornea  is  a  lamellated,  white  fibrous  structure  which 
covered  anteriorly  by  a  lamellated  pavement  epithelium,  and  posteriori 
by  an  elastic  lamina.     The  white  fibrils  are  extremely  fine  and  ai 
arranged  in  ribbon-like  fasciculi  that  are  closely  interwoven  in  layerr        ®' 
between  which  are  plexuses  of  connective-tissue  corpuscles  lying  in  * 
system  of  serous  canals  that  form  a  canalicular  system  throughout  tl 
entire  corneal  substance. 

The  cornea,  unlike  ordinary  connective  tissue,  yields  chondrin, 
a  body  analogous  to  it,  instead  of  gelatin  on  boiling,  the  ground  sul 
stance  being  chondrogen ;  but  there  is  still  some  difference  of  opini( 
as  to  the  actual  identity  of  the  product.  A  solution  does  not  gi^ 
a  precipitate  Avith  acetate  of  lead;  and  the  precipitate  it  forms  of  alui 
is  not  soluble  in  excess;  neither  does  it  furnish  sugar  when  boiled  wil 
acids.     His  rrives  this  analysis  of  the  corneal  substance: — 

Per  cei—      ^(: 

Soluble  mineral  salts 0^    ? 

Insoluble 


u  u  r^m    'I 


Per  ctnt. 

Water 758 

Chondrin 204 

Bodies  insoluble  in  water    ...      2*8 

The  protoplasm  of  tlic  cells  yields  myosin  ( Kt'UNE),     The  cornea  is  minc*:^:^" 
and  digested  in  a  saturated  sr)luti(>n  of  sodie  chloride  for  24  hours  in  a  vesi==^^ 
suiTounded  by  a  mixture  of  ice  and  salt;  the  liquid  is  filtered  and  the  myos-"*^ 
precipitated  by  the  addition  of  excess  of  water.     PardglohuUn  is  removed     ^^^ 
the  same  tim(\  and  may  be  precipitated  from  the  myosin  filtrate  by  passix^r 
throujrh  it  a  current  of  carbonic  acid  gas.     By  macerating  the  cornea  in  wa*-^'" 
an  alkali  albuminate  can  be  extracted. 
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CHAPTER  XXIII. 

THE  SKIN. 

The  skin  consists  of  a  superficial  cellular  layer,  the  epidermis  (see 
p.  243),  and  of  a  deep  thick  layer,  or  cutis^  which  is  formed  of  con- 
nective tissue,  and,  like  it,  yielding  gelatin  on  boiling;  it  dissolves  in 
great  part  in  acids  and  alkalies,  and  combines  with  tannic  acid  and 
salts  of  iron  and  mercury. 

The  skin  is  the  seat  of  a  continuous  exhalation  and  absorption  of 
gaseous  substances,  and  to  these  the  name  of  cutaneous  respiration  has 
been  given.  By  the  perspiration  the  skin  discharges  some  of  the  waste 
products  of  the  body,  eliminating  vapor  of  water,  carbonic  anhydride, 
and  a  little  nitrogen,  and  probably  absorbing  a  little  oxygen.  If  an 
animal's  body,  with  the  exception  of  its  head,  be  confined  in  a  small 
chamber  filled  with  air,  after  some  hours  the  air  will  have  its  carbonic 
anhydride  slightly  increased,  its  oxygen  slightly  diminished,  and  its 
nitrogen  almost  unaltered,  the  oxygen  absorbed  being  somewhat  greater 
than  the  carbonic  anhydride  exhaled  (Re<}XAULT,  etc.) 

The  secreti&n  work  of  the  skin  is  done  by  the  sudoriparous  and 
sebaceous  glands ;  and  the  amount  depends  greatly  on  the  state  of  dil- 
atation or  contraction  of  the  blood  vessels,  which  is  under  the  govern- 
ance of  the  nervous  centres,  their  diameter  being  directly  affected  by 
the  activity  of  the  secretory  fibres,  just  as  is  the  case  with  the  sub- 
maxillary gland. 

The  Sweat  is  the  secretion  of  the  sudoriparous  glands.  Normal 
sweat  is  a  more  or  less  clear  and  transparent  fluid,  having  a  peculiar 
odor  and  a  density  of  1004;  possessing  the  character  of  a  blood  diffus- 
ate,  and  having  dissolved  in  it  a  part  of  the  perspiration  gases,  and  a 
very  small  proportion  of  solids.  The  reaction  is  alkaline  (Luchsixger)  ; 
but  as  to  this  authorities  differ,  some  stating  it  to  be  acid  when  freshly 
collected  (probably  from  containing  more  of  the  fatty  acids),  and  be- 
coming alkaline  after  standing  even  half  an  hour  (Hoppe  Seyler). 
After  prolonged  and  especially  profuse  sweating,  however,  the  reaction 
is  neutral  and  finally  alkaline,  and  at  the  same  time  the  urea  and 
mineral  salts  are  slightly  increased  (Fuxke),  the  urea  of  the  urine  be- 
ing simultaneously  diminished  (Leu be). 

Chemical  Composition  of  Sweat. — The  chief  components  are  water 
and  a  very  small  amount  of  salts  «and  of  carbonic  acid. 

Human  Stccai  (after  PiCARD,  ScHOTTiN,  etc.) 

Per  cent. 

Water 98*88 

SoHds 112 

Salts 0-57 

Sodic  chloride 0*22  to  033 

Alkaline  sulphates,  phosphates,  and  lactates, 

and  potassic  chloride 0*18 

Fats,  fatty  acids,  and  cholesterin 041 

Epithelium 017 

Urea 008 

The  mean  of  the  solids  is  about  12  per  cent.  (18  per  cent.  Funke),  5  of 
which  is  organic,  and  about  0-33  per  cent,  of  ash.     The  water  varies  from  97 


284  TISSUES,    ORGANS,    AND   REMAINING   SECRETIONS. 

to  99*5  per  cent.  While  Funke  regards  the  excretion  of  urea  by  the  skin  to 
be  considerable,  Ranke  could  not  find  it;  Favre,  however,  estimated  it  at 
0*04  gram  in  the  24  hours.  Funke  also  obtained  more  fixed  residue  in  the 
sweat  of  the  feet  than  of  the  arms,  and  Schottin  found  more  potassic  chloride 
in  the  former  than  in  the  latter.  The  ammoniacal  salts  so  often  present  are 
probably  the  result  of  decomposition  of  urea. 

Comparing  urine  and  sweat  together,  the  solids  in  14  litres  are — 

Sweat.  Urine. 

Grams.  Grams. 

Chlorides 34-63  6701 

Sulphates 016  21*76 

Phosphates       traces  5*38 

Alkalies  expressed  as  soda    .    .     .  4*18  2*49 

Organic  matter 22*92  139*63 

Melanin  is  the  pigment  contained  in  the  cells  of  the  rete  mucosum^  par- 
ticularly in  the  skin  of  the  negro.  It  has  already  been  described  as  existing 
in  the  pigment  layer  of  the  retina;  like  this  body  it  forms  fine  amorphous 
granules  that  are  insoluble  in  water,  alcohol,  ether,  dilute  alkalies,  and  acids, 
but  slowly  soluble  in  boiling  concentrated  mineral  acids  and  alkalies.  The 
name  melanin,  it  may  be  said,  is  applied  to  the  pigments  found  in  the  eje, 
skin,  lymphatic  glands,  and  lung  tissue ;  although  it  is  not  exAictly  the  same  in 
all  these  parts,  it  may  be  uniformly  regarded  as  a  derivative  of  the  blood  pig- 
ment, with  a  percentage  composition  lying  within  these  limits: — 

C 51-7  to  58*3      I      Fe 0*3 

H 40  "    .5 9      '      O       22*0  to  35*4 

X 71"  13-8      ! 

As  to  tlie  amount  of  water,  SE<;rix  .state.s  tliiit  about  1-2  <rram  of 
fluid  is  given  oft'  by  the  skin  and  lungs  in  one  minute,  of  which  0'< 
gram  comes  from  the  skin  and  0*5  gram  from  the  lungs — that  is,  about 
18  grains  of  water  per  minute,  11  bv  the  skin  and  7  by  the  lungs.  In 
the  24  hours  from  1  to  o  lbs.  may  be  thus  discharged,  the  average  loss 
bv  the  skin  varvin<r  from  1  to  '2  lbs.  I)urin<:j  vi<rorous  exercise  the 
hand  and  fore-arm  give  oft",  on  a  summer  day  with  a  temperature  oi 
2«S°  in  the  shade,  about  4S  grams  of  sweat  in  an  hour,  while  with  very 
moderate  exertion  in  a  room  at  1«S°  only  al)out  4*8  grams  in  the  same 
time.  Of  the  large  amount  tlius  excreted  by  tlie  skin  the  greater  ])art 
passes  oft"  as  insensible  perspiration.  In  addition  to  exercise  and  teiu- 
l)erature  the  (quantity  is  aftected  by  the  dryness  of  the  air,  the  amount 
of  fluid  drunk,  as  well  as  the  nature  and  quantity  of  the  food:  hut  the 
activitv  of  the  skin  (lei)ends  larirelv  (Ui  the  state  of  the  kidnevs.  Mentju 
conditions  also  exert  a  consi<lerable  influence  on  the  secretion  of  sweat. 

T/ie  amount  of  carbonic  anhf/Jride  is  not  much  above  2  «;rams  m 
the  24  hours,  thoudi  bv  some  authorities  it  is  stated  to  vary  betw(*en^ 
(AuBEliT)  and  10  grams  (SciiAiiLiXi;)  in  tlie  24  hours.  It  is  incrcase<l 
by  exercise  and  elevation  of  temperature.  At  most  the  carbonic  auliV" 
(Iride  thus  exhaled  rarelv  rises  to  the  -Xr  of  that  <j:iven  off*  bv  the  lungs 
(SciiARLL\(;);  but  under  ordinary  circumstances  it  is  probably  much 
less  tlian  this,  according  to  some  observers  the  proportion  between  the 
carbonic  acid  exhaled  ])v  the  skin  and  bv  the  lunfrs  not  beiufr  more  than 
1  to  400. 

Mixed  with  tlie  sweat  we  find  the  secretion  of  the  sebaceous  glands, 
which  varies  somewhat  accordintr  to  the  reirion  from  which  it  is  derived. 
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When  freshly  poured  out  it  foiins  an  oily,  half  fluid  mass,  which  on 
cooling  appeal's  as  a  white,  greasy  body.  Under  the  microscope  it  pre- 
sents fotty  particles,  epidermic  cells,  and  cholesterin  crystals.  It  con- 
sists of  a  casein-like  albumen,  olein,  palmitin,  soaps,  cholesterin,  and 
inorganic  salts,  particularly  earthy  phosphates,  and  alkaline  chlorides 
and  phosphates. 

The  Sebaceous  Secretion. 

(PfiTREQUIS.)  I  (VOOEL.) 

Water 10  i  Water 31-7 

Fatty  matters  (olein  and  stearin)  26      Solids 68'3 

Soaps  soluble    in     alcohol     and  \  

water 38  j       Epithelium  and  albumen      .    .  61*7 

Soaps  soluble  in  water  and  insolu-                  Fat  (palmitin) 41 

ble  in  alcohol 14  !       Fatty  acids    (butyric,  valeric, 

Insoluble  organic  bodies   ....  12             caproic) 1*2 

Lime  and  scSa traces  |       Ash 1*2 

When  the  glands  are  obstructed  a  thick  mass  accumulates,  coBsisting  of 
altered  epithelial  scales,  cholesterin,  fatty  matters,  and  occasionally  leucin  and 
ty  rosin. 

Pathology.  Skin. — In  ichthi^osis  along  with  keratin  there  is  much  choles- 
terin, a  fluid  and  a  solid  fat,  and  hippuric  acid;  and  silica  in  the  ash.  In 
pelhiyra  there  is  also  a  fluid  and  solid  fat,  much  cholesterin,  some  leucin  and 
ty  rosin,  and  much  silica  in  the  ash. 

Sweat.  The  odor  undoubtedly  varies  in  many  diseases,  and  sometimes 
characteriHtically  so.  In  jaundice  it  may  be  colored  yellowish  from  the  pre- 
sence of  biliary  fragments,  and  even  stain  the  linen.  It  may  have  a  blue  tint 
from  the  presence  of  some  of  the  indigo  derivatives;  hsematin  derivatives 
have  also  been  observed  (  Kobin,  Foot),  likewise  blood  in  red  sweat.  Strongly 
alkaline  sweat  from  the  j)resence  of  ammoniaeid  salts  is  occasionally  met  with 
in  urajmia,  gout,  etc. ;  and  very  acid  sweat  in  acute  rheumatism  and  rickets. 

Urea  has  been  found  increased  in  the  sweat  in  cholera  and  uraemia,  and  in 
the  sweat  of  the  face  in  scarlatinal  iiej)hritis  with  anuria;  sugar  in  diabetes; 
albumen  in  acute  rheumatism  and  forced  sweating;  cyst  in  in  cystinuria;  lactic 
acid  fre((uently  in  puerj)eral  fever,  and  occasionally  in  scrcjfula  and  rickets; 
uric  acid  in  arthritis,  and  oxalate  af  lime  in  gout. 

Drugs. — Iodine  and  potassic  iodide,  tartaric,  succinic,  and  benzoic  acids 
may  aj»])ear  in  the  perspiration  after  their  administration ;  the  iodine  ingested 
is  eliminated,  however,  less  rajiidly  in  the  sweat  than  in  the  saliva.  When 
mercuric  iiKlide  is  taken  the  iodine  with  a  small  portion  of  the  mercury  ap- 
j)ears  in  the  urine  and  saliva,  and  the  mercury  as  perchloride  in  the  sweat. 
After  the  use  of  arscniate  of  iron  alkaline  arsenites  are  found  in  the  sweat, 
and  iron  in  the  urine.  Quinine,  alcohol,  sulphur,  and  assafcetida  have  been 
reco^aiized  in  the  sweat  after  ingestion. 

By  covering  the  skin  of  an  animal  with  an  impermeable  varnish  it  was 
stated  by  Rohbio  that  the  temperature  was  reduced,  and  a  peculiar  pyrexia 
set  up,  owing  to  the  retention  of  some  of  the  sweat  constituents,  or  to  the  con- 
sequent dilatation  of  the  cutaneous  vessels,  or  to  some  other  unknown  cause 
that  may  be  classified  as  the  production  of  abnormal  tissue  change.  A  some- 
what similar  pyrexia  with  albuminuria  is  said  to  be  produced  by  the  injection 
of  the  fresh  filtered  human  sweat  into  the  veins  of  a  rabbit. 

But  the  effects  of  the  varnishing  do  not  appear  to  be  nearly  so 
serious  as  ROhrig  believed,  for  the  author  has  repeatedly  seen  the 
experiment  performed  with  comparatively  slight  results. 
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CHAPTER  XXIV. 

THE  LIVER. 

The  liver  is  the  largest  gland  in  the  body.  Its  importance  is  seen 
by  the  amount  of  blood  present  in  it,  but  its  close  connection  with  the 
intestine  is  indicated  by  its  small  supply  of  arterial  blood  in  proix)rtion 
to  the  large  amount  of  venous  blood  containing  the  absorbed  products 
of  int<jstinal  digestion  which  passes  through  it. 

In  addition  to  the  important  changes  it  produces  on  the  blood  and 
its  corpuscles  (possibly  being  a  generator  of  new  blood),  the  liver  is  also 
tlie  seat  of  the  formation  of  bile  and  glycogen ;  it  is  further  probable 
that  it  is  one  of  the  great  centres  of  urea  formation,  although  Hoppe 
Seyler,  it  should  be  said,  has  not  been  able  to  find  any,  or  at  most 
mere  traces  of  urea  in  the  liver  of  a  recently  killed  dog ;  and  he  also 
failed  to  find  leucin  and  tyrosin. 

Chemical  Composition. — The  fresh  hepatic  substance  is  alkaline,  but 
soon  after  death  it  becomes  acid,  owing  probably  to  the  development  of 
lactic  acid;  it  contains  60  to  70  per  cent,  of  water,  and  40  to  30  per 
cent,  of  solids,  consisting,  besides  certain  insoluble  tissues,  of  albumens 
(of  which  three  are  described),  fat,  and  salts  of  the  volatile  fatty  acids, 
also  of  nuclein  (in  the  liver  cells),  sarkin,  xanthin,  hypoxanthin,  and 
uric  acid ;  but  urea,  uric  acid,  and  leucin,  are  possibly  only  pathological 
constituents.     There  are,  in  addition,  traces  of  salts  of  manganese, 
copper,  and  lead.     A  saccharine  and  a  butyric  acid  ferment  are  like- 
wise met  with  (Pribram). 

The  relative  proportions  of  the  constituents  vary  somewhat  with  age:— 

Liver  of  a  child 

(14  davs  old).  Liver  of  an  old  woiuau. 

Water 7414  8063 

Organie  bodies •24'78  18  (>5 

Inorj^anic  contitueuts  ....       107  0'71 

The  constituents  of  a  human  liver  are  thus  jriven  by  Bibra: — 


Water        7617 

Insoluble  tissues   .     .    .       944 
Albumen       240 


Gelatin 337 

Extractives G07 

Fats 2o0 


Of  inorganic  constituents  Oidtmann  found  1*10  per  cent. 

The  Ash  in  100  Parts. 


Potash 2517 

Soda         14-47 

Lime        302 

Magne.sia 01 9 

Oxide  of  iron  ....  275 


Phosphoric  acid 
Sulphuric        *' 
Silicic 

Chlorine      .     . 
I^ead  and  copper 


4337 
0*91 
0-27 
2-5 

traces 


The  proportion  of  fat  depends  more  or  less  on  the  food,  as  its  proix>rtion 
is  increasotl  with  a  diet  rich  in  fat.  In  the  normal  condition  the  fat  present 
seems  to  be  j)roportional  to  the  fat  in  the  rest  of  the  organism. 

The  quantity  of  glycogen  is  very  variable,  depending  greatly  on  the  char- 
acter of  the  food;  normally  it  averages  1*5  to  2*5  per  cent.  In  dogs  fed  ex- 
clusively on  mciit  the  liver  may  contain  about  7  per  cent.,  with  a  purely  vege- 
table diet  as  much  as  17'2  per  cent.,  and  with  a  mixed  diet  about  14*5  per 
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cent.,  the  glycogen  disappearing  when  the  animal  is  starved.  According  to 
Seeqen  and  Kratschmer  the  sugar  in  the  liver  increases  after  death  to  an 
extent  not  be  accounted  for  by  the  transformation  of  glycogen  present.  In 
the  case  of  a  young  fox  they  found  in  the  liver  two  minutes  after  death  glyco- 
gen 0*7  per  cent,  and  sugar  0*79  per  cent.;  an  hour  later,  sugar  1-83  per 
cent.;  24  hours  later,  sugar  1*98  per  cent.  More  sugar  was  therefore  formed 
than  the  glycogen  in  the  liver  could  possibly  account  for.  But  Boeiim  and 
Hoffmann  object  to  this  conclusion,  on  the  ground  that  something  other 
than  sugar  was  reckoned  as  such. 

The  hepatic  cells  are  devoid  of  all  cell  walls  and  possess  one  or  two 
nuclei.  As  constituents  of  the  dead  cells  we  find  an  albumen  coagu- 
lating at  45°;  nucleo-albumen  (Plosz),  soluble  in  water  and  in  solu- 
tions of  sodic  chloride  and  sulphate,  and  coagulating  at  70°;  an 
albumen  resembling  myosin,  coagulating  at  75° ;  free  nuclein  and  a 
body  resembling  coagulated  albumen;  glycogen,  grape  sugar,  and  a 
diastatic  ferment ;  fats,  particularly  olein,  about  2*5  per  cent. ;  pigments, 
potassic  and  sodic  phosphates,  and  water. 

To  prepare  glycogen  and  liver  ferment^  and  to  demonstrate  sugar 
in  the  liver ^  see  pp.  69,  149,  72.     For  bile,  etc.,  also  see  p.  173. 

Pathology. 


BiBRA. 


Fattr 
liver  In 
tubercle 


Typhoid 

lirer.   i 


Water 

Soluble  albuminoids 
Gelatin  .... 
Extractives    .    . 

Fats 

Insoluble  tissues 
''         salts   . 
Soluble 


u 


710 
1-3 
4-4 
2-6 

17-4 
31 


} 


751 
2-6 
40 
4-5 
3-3 

10-2 


FOLWARCZN'Y. 

In 
diabetes. 

In  embol- 
ism of  the 
hepatic 
artery. 

753 

80*7 

67 

21 

11 

11 

2-2 

3-6 

1-9 

2-4 

11*7 

fi-9 

0-5 

0-9 

0-4 

Fberichs. 


OlDTMANN. 


Fatty 

lirer. 


Cirrhotic 
liver. 


Svphilltic 

liver  in  a 

new-born 

child. 


Fats. — While  the  normal  Hver  contains  only  about  2  to  35  per  cent,  of 
fats  (that  of  the  cat  normally  about  7  per  cent.),  and  IDo  to  20*7  per  cent, 
other  solids,  in  acute  atrophy  of  the  liver  the  fats  may  rise  to  7*6  per  cent., 
and  the  other  solids  sink  to  15'5  per  cent.,  and  in  fatty  liver  the  fat  may  be 
as  high  as  19*5  per  cent.,  and  the  remaining  solids  18*4  per  cent.  This  in- 
crease may  occur  in  diseases  of  the  respiratory  organs,  as  phthisis,  etc.,  and  as 
a  result  of  chronic  alcoholism,  degeneration,  etc. 

The  glycogen  is  greatly  diminished  in  fevers,  and  in  arsenical  and  phos- 
phorus poisoning;  it  may  be  absent  from  fatty  liver,  and  it  is  increased  in 
diabetes. 

Pigments  apparently  identical  with  hsematin  accumulate  in  the  liver  in 
Tfiftlarift]  affections,  and  in  yeUow  atrophy  we  may  find  crystals  of  bilirubin. 

Urea  is  increased,  together  occasionally  with  leucine  tgrosin^  cystin^  etc.,  in 
acute  yellow  atrophy  and  carcinoma  of  the  liver,  in  many  zymotic  diseases, 
jLCute  rheumatism,  pyaemia,  malarious  cachexias,  syphilis,  tuberculosis,  some 
diseases  of  the  spinal  cord  and  heart,  chronic  pleurisy,  and  in  many  cases  of 
atTiff^mift  and  jaundice.  Leucin^  it  may  be  remarked,  increases  in  the  liver  afler 
^bath,  and  especially  during  putrefaction. 
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Concretions  are  met  with  now  and  again  in  the  substance  of  the  liver. 
They  generally  consist  of  organic  matter  35  to  40  per  cent.,  with  calcic  phos- 
phate and  carbonate  about  32  per  cent. 


CHAPTER  XXV. 

THE  PANCREAS. 


The  fresh  human  pancreas  is  alkaline  in  reaction  and  contains  17*4 
to  25*5  per  cent,  solids  and  74-5  to  82*6  per  cent,  water.  Of  the  solids 
there  are  scrum  albumen,  an  alkali  albuminate  like  casein,  fats  and 
volatile  fatty  acids,  extractives,  and  salts.  Among  the  extractives 
present  are  guanin  (0*12  per  cent.),  xanthin  (0*0016  per  cent.),  leucin 
(1*7  per  cent.),  inosit,  butalanin,  lactic  acid,  and  traces  of  uric  acid  and 
ty rosin.     No  mucin  is  contained  in  it. 

Y or  pancreatic  juice  see  p.  167. 

Pathology. — The  pancreas  may  be  the  seat  of  tumors  (cancer,  adenomn, 
etc.)  or  of  infiltrations  and  degenerations.  Very  often,  in  such  cases,  the 
properties  of  its  secretion  are  altered,  and  accordingly  some  of  the  intestinal 
contents  may  escape  digestion,  and  this  has  been  noticed  chiefly  in  the  case  of 
the  fats. 


CHAPTER  XXVI. 

SPLEEN. 

This  organ  is  provided  with  an  elastic  capsule  containing  muscle- 
fibre  cells,  whicli  is  prolonged  inwards  on  the  blood  vessels  at  the  hilus 
of  the  organ.  Enclosed  by  this  capsule  is  the  splenic  pulp,  that  is 
supported  by  a  coarse  trabecular  framework  as  well  as  by  a  delicate 
meshwork  forming  a  honeycomb  of  membranes  in  connection  with  the 
vessels  (Klkix).  The  red  pulp  itself  is  made  up  of  cells  of  different 
kinds  and  of  blood  corpuscles,  particularly  the  pale  ones,  in  different 
stages  of  change.  Here  and  there  are  to  be  seen  little  spots  of  white 
pulp,  the  Malpighian  corpuscles,  which  consist  of  small  clumps  of 
lymphoid  infiltration  in  the  sheath  of  the  small  arteries. 

Functions. — It  is  possible  that  besides  destroying  old  blood  corpus- 
cles it  a.ssists  in  forming  new  ones,  the  pale  corpuscles  especially ;  and 
it  is  said  to  prepare  the  proteolytic  pancreatic  ferment  ^Schiff),  though 
this  is  denied  (Mosler).  It  acts  also  as  a  regulator  of  the  blood  contents 
of  the  liver  and  stomach. 

Chemical  Composition. — In  the  fresh  state  the  spleen  is  alkaline, 
but  it  becomes  aoid  some  time  after  death.  The  composition  of  the 
pulp  may  be  thus  stated  {after  Oidtmann,  etc.) : — 
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Human  Spleen,  Per  cent. 

Water 70  to  77 

Organic  matter 23  "30 

Inorganic  constituents 0*6  "     0*9 

"  in  the  100  parte— 

Soda 35  *'  45 

Potash 9  *•   17 

Lime 7 

Phosphoric  acid 18  "30 

Oxide  of  iron 7  "16 

Chlorine 05  "     13 

Sulphuric  acid 15  *'     25 

Silica 0-2  "     0-7 

Manganese,  copper,  and  lead   ....         traces. 

There  is  some  difference  of  opinion  as  to  the  occurrence  of  free  iron  in 
the  spleen,  but  that  iron  is  present  in  large  excess,  associated  in  some  way 
with  an  alkali  albumen,  there  seems  to  be  no  doubt ;  it  appears  also  to  increase 
with  age,  and  of  combined  iron  Nasse  has  found  5  per  cent,  in  the  dried 
pulp  of  the  spleen  of  old  horses. 

The  organic  constituents  include  albumens,  much  inosit,  cholesterin,  cere- 
brin,  xanthin,  hypoxanthin,  traces  of  leucin,  uric,  succinic,  and  lactic  acids, 
fats,  and  iron-holding  pigments.  Tyrosin  is  a  post-mortem  constituent,  and 
the  volatile  fatty  acids,  such  as  formic,  acetic  and  butyric,  are  decomposition 
products,  probably  of  the  haemoglobin  products  of  the  red  pulp. 

In  its  composition  the  splenic  pulp  differs  from  blood  in  the  large  amount  of 
ite  soda  and  phosphates,  and  in  the  smaller  proportion  of  its  potash  and  chlo- 
rides, and  it  is  characterized  by  its  richness  in  extractives  and  pigments.  Uric 
acid  is  always  present,  and  seems  to  be  connected  in  some  way  with  splenic 
activity,  particularly  under  abnormal  conditions,  as  seen  in  ague,  etc.,  when  an 
increase  in  the  uric  acid  in  the  urine  accompanies  an  enlargement  of  the  spleen. 

Pathology. — In  diabetes  no  glycogen  is  present,  but  a  little  sugar  is  to  be 
met  with ;  xanthin  has  been  found  in  hypertrophy.  In  leukaemia  the  spleen 
is  rich  in  sarkin,  uric  acid,  and  bodies  cdlied  to 
gelatin,  Robin,  Cuarcot,  and  Neumann  have 
found  peculiar  crystals  in  the  spleen  in  leukajmia. 
These  crystals  have  been  regarded  as  (jf  the  nature 
of  tyrosin,  but  this  has  been  denied.  Sciireiner 
describes  them  as  consisting  of  a  phosphate  of  a 
base  having  the  composition  C^HjN ;  and  he  states 
that  he  has  found  a  similar  body  in  the  human  se- 
men to  the  extent  of  5*23  per  cent.  These  crys- 
tals  are  met  With  also  m  the  sputum  oi  bronchitis,  crystals. 

and  in  the  blood  and  marrow  in  leukaemia.     They 

are  of  a  double  pyramidal  shape,  and  are  insoluble  in  alcohol,  ether,  chloroform, 
and  cold  water,  but  soluble  in  alkalies  and  dilute  mineral  acids,  acetic  acid,  etc. 

Amyloid  degeneration  is  frequent  in  the  organ. 


'«■    «<..1j 


CHAPTER  XXVII. 

8UPEABENAL  CAPSULES,  THYMUS,  THYROID,  LYMPHATIC  GLANDS, 

AND  KIDNEYS. 

I.  SUPBABEVAL  CAPSULE.— The  medulla  of  this  body  has  been 
considered  nervous  in  its  nature  on  account  of  its  richness  in  nerve 
19 
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elements,  while  the  cortex  is  glandular,  somewhat  of  the  character  of 
lymphoid  tissue.  In  the  medulla  together  with  albuminous  bodies 
there  is  found  a  material  that  is  soluble  in  water,  and,  particularly 
when  exposed  to  the  direct  sunlight,  furnishes  a  beautiful  red  pigment. 
The  colorless  extract  is  reddened  by  the  action  of  watery  solutions  of 
chlorine,  bromine,  or  iodine,  and  is  stained  of  a  dark  blue  to  a  green 
by  perchloride  of  iron.  Alcohol  extracts  this  chromogen,  and  the  solu- 
tion gives  a  reddish  precipitate  with  acetate  of  lead,  which  turns  green 
on  exposure  to  the  air.  A  very  dilute  hydrochloric  acid  extract  of 
the  gland  is  colored  red  on  the  addition  of  excess  of  ammonia,  violet 
flocculi  being  precipitated.  Leucin,  inosit,  hypoxanthin,  hippuric 
acid,  benzoic  acid,  myelin,  fats,  and  possibly  taurin  and  taurochoUc 
acid  are  all  said  to  be  present. 

Among  the  inorganic  constituent8  we  find  potassic  chloride  in  large 
amount,  also  phosphates  of  potassium,  sodium,  calcium,  and  magnesium. 
This  excess  of  potash  and  phosphoric  acid  speaks  in  favor  of  the  nervous 
nature  of  the  organ. 

The  juice  of  the  gland  is  neutral  or  weakly  acid.     The  proportions 
are  thus  given  by  Oidtmann  in  the  suprarenal  of  the  dog : — 

Water 8003 

Organic  matter 19*88 

Inorganic    "  0*09 

In  Addison's  disease  it  has  been  found  degenerated. 

II.  THYMUS. — This  gland  atrophies  towards  puberty,  after  hav- 
ing undergone  fatty  degeneration.  It  consists  in  great  part  of  a  sort 
of  lymphoid  tissue  supported  by  fibrillated  connective  tissue. 

Chemical  Composition.— 

In  a  Calf  of  3  Months  (Simon). 

Water 77 

Albuminoid  material 4 

Salts 2 

Fats traces. 

In  a  Puppy  (Oidtmann). 

Water 80*7 

Organic  matter 19'2 

Inorganic    "        0*2 

The  chief  solids  are  the  following:  soluble  all)unien,  gelatin,  fat,  and 
elasticin;  leucin.  xanthin.  hvpoxanthin,  succinic,  lactic,  and  traces  of  other 
fatty  acids;  salts  rich  in  phos])horic  acid,  potiish,  and  soda;  but.  except  m  tne 
very  eiurly  period  of  the  gland,  potassium  replaces  sodium,  being  about  three 
times  more  abundant;  traces  of  salts  of  Hme.  magnesia,  and  ammonia,  and  of 
sulphuric  acid  and  chlorincj  are  likewise  met  with. 

In  the  thymus  of  a  calf,  three  weeks  old.  there  wa«  found  only  1*3  per 
cent,  fat,  while  in  that  of  a  young  heifer  of  IS  months  as  much  as  16'8  per 
cent,  was  {jresent. 

III.  THYROID. — This  organ  is  made  up  of  connective  tissue, 
scattered  through  which  are  a  great  number  of  different-sized  caviti^ 
more  or  less  globular  in  shape ;  these  are  filled  with  a  transparent  fluid 
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that  is  analogous  to  mucus ;  there  is  present  in  this  fluid  a  little  albu- 
men and  traces  of  sodic  chloride  and  oxalate  of  lime,  etc.  The  juice 
of  the  gland  also  contains  leucin,  xanthin,  hypoxanthin,  volatile  fatty 
acids,  succinic  and  lactic  acids,  and  cholesterin.  In  the  small  cysts 
little  or  no  albumen,  is  present,  but  in  the  larger  cysts  as  much  as  7  to 
8  per  cent,  may  be  found.  This  fluid  material  of  the  cysts  is  very 
liable  to  undergo  colloid  degeneration,  and  in  goitre  it  is  produced  in 
great  excess,  cholesterin  crystals  also  being  frequently  abundant  and 
occasionally  crystals  of  bilirubin. 

An  alcoholic  solution  of  chinolin  blue  stains  this  colloidal  material 
of  an  intense  blue. 

OiDTMAXN  gives  the  subjoined  as  the  general  percentage  composition  of 
the  gland : — 

In  a  child.  In  an  aged  female. 

Water 772  822 

Organic  matter 22*3  176 

Mineral  salts 0*5  0*9 

IV.  LYMPHATIC  OLANDS  contain  about  one-third  their  weight 
of  solids,  among  which  have  been  found  nuclei n,  lecithin,  albumen, 
cholesterin,  leucin  (but  no  tyrosin),  xanthin,  etc. 

V.  KIDH^YS. — The  capsule  is  white  fibrous  tissue,  and  a  certain 
amount  of  connective  tissue  is  also  found  supporting  the  tubes. 

The  renal  tissue  has  a  mean  density  of  1050  ;  its  reaction  is  alka- 
Une,  but  it  speedily  becomes  acid  when  exposed  to  the  air. 

Child's  kidney  Kidney  of  an  old 

(set.  14  days).  woman. 

Water 77*82  8109 

Organic  substances  .     .     .    .    21*47  17*92 

Inorganic      "  ....      0*71  010  (Oidtmann). 

A  cold  watery  extract  of  the  kidneys  contains  albumen,  xanthin, 
hypoxanthin,  kreatin,  taurin,  leucin,  inosit,  cystin,  glycogen,  and  occa- 
sionally also  urea,  uric  acid,  and  urates.  If  a  solution  of  subacetate 
of  lead  is  added  to  it,  the  resulting  })recipitate  suspended  in  water, 
decomposed  there  with  sulphuretted  hydrogen,  and  alcohol  added  to 
the  filtrate,  which  is  then  gently  warmed,  a  crystalline  precipitate  of 
inosit^  cystin^  taurin^  xanthin^  and  sarkin  is  obtained.  By  warming 
this  deposit  with  carbonate  of  soda  solution  we  obtain  on  filtration  a 
solution  of  cystin  and  inosit,  from  which  the  cystin  can  be  precipitated 
by  the  addition  of  acid. 

Kidneys  thoroughly  washed  out  with  sodic  chloride  solution  (|  per  cent.), 
to  get  rid  of  the  blood,  gave  in  the  100  parts  the  following  organic  constituents 
{Gk)TTWALT) : — 

Serum  albumen a  mean  of  1*25 

Globulin  substances "         3*818 

Albumen  extracted   by  common  salt 

solution  (10  per  cent.) "        5*23 

Albumen  soluble  in  and  extracted  by 

sodic  carbonate "        1*52 

Gelatin "        1*016 

Mucin traces. 
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BuNOE  and  Sghmiedebero  are  of  opinion  that  hippuric  acid  has  its  seat 
of  formation  in  the  kidneys,  the  gljcocin  and  benzoic  acid  residaes  being  com- 
bined under  their  agency,  the  presence  of  blood  corpuscles,  however,  appearing 
to  be  essential. 

Pathology. — In  consequence  of  inflammations  of  different  kinds,  and  as  the 
result  of  the  altered  blood  in  phosphorus  poisoning,  excessive  alcoholic  ingestion, 
septica3mia,  and  severe  eruptive  fevers,  the  renal  epithelium  may  become  charged 
with  granulations  of  the  nature  of  casein ;  while  a  long  continuance  of  one  of 
the  above  conditions  may  further  lead  to  the  appearance  of  fatty  granules,  which 
possibly  replace  and  are  derived  from  the  albumen  granules,  and  thus  lead  to  a 
subsequent /tt<^  degeneration. 

In  some  cases  purulent  abscesses  may  appear  among  the  tubes,  or  excess  of 
leucocytes. 

In  gouty  conditions  deposits  of  urate  of  soda  frequently  present  themselves, 
and  different  morbid  growths  at  times  attack  the  renal  substance. 

In  various  abnormal  conditions  bodies  may  be  present  that  are  only  rarely 
to  be  met  with  normally,  and  then  in  but  slight  amount:  thus  leucin  and  ijny- 
sin  have  been  found  in  cholera;  uric  acid  in  tuberculosis,  delirium  tremens,  and 
Bright's  disease ;  and  grape  sugar  in  diabetes  mellitus. 

A  calcareous  degeneration  of  the  cortex  of  the  kidneys  has  been  noted  in 
acute  mercurial  poisoning  (Salkowski),  and  it  would  appear  that  this  calcifi- 
cation of  the  renal  tubules  accompanies  a  removal  of  lime  salts  from  the  bones. 


CHAPTER  XXVIII. 

THE  LUNGS, 

Owing  to  the  large  amount  of  elastic  tissue,  smooth  muscle,  connec- 
tive tissue,  cartilage,  and  epithelium  present  in  the  lung,  the  chemical 
constituents  of  these  tissues  will  figure  largely  in  the  chemical  composi- 
tion of  the  lung,  and  accordingly  we  have  much  elasticin,  mucin,  myosin, 
chonJrin,  and  gelatin ;  there  is  also  casein,  lecithin,  leucin,  inosit,  and 
in  the  lungs  of  oxen  taurin:  further  we  have  uric  acid;  inorganic  salts, 
chiefly  chlorides,  sulphates,  and  phosphates  of  sodium,  potassium,  cal- 
cium, magnesium,  and  iron ;  and  silica. 

Lung  substance  contains  more  coagulable  proteids  than  muscle,  and 
less  albuminoid  extractives.  The  embryonic  lung  is  rich  in  glycogen; 
in  the  embryo  of  the  sheep  it  has  been  found  as  high  as  50  per  cent,  of 
the  dry  solids ;  but  it  is  wanting  in  the  lungs  of  adults. 

In  the  fresh  state  the  reaction  of  the  lung  tissue  is  alkaline.  Of 
aali  in  the  dry  solids  there  is  found  2  to  7  per  cent.,  chiefly  alkaline 
phosphates,  sodium  chloride,  and  iron.  The  richness  of  the  ash  in 
phosphoric  acid  is  due  probably  to  the  lecithin  present. 

Lung  of  Infant  (Oidtmann). 

Water 796  per  cent. 

Organic  matter 19*8        " 

Mineral      "  06        " 
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Yerdeil  has  described  a  special  acid,  pneumonic,  which  he  has  isolated 
(taarin?).  A  black  pigment  consisting  chiefly  of  carbon  (85  per  cent.),  with 
a  little  nitrogen,  hydrogen,  and  ash,  is  present  in  the  lung  substance. 

Pathology. — The  lung  may  contain  tubercle,  which  will  present  different 
appearances  according  to  its  condition. 

Caseous  Tubercle  (Simon). 

Per  cent. 

Water 82*6 

Insoluble  organic  matter 12'0 

Substances  soluble  in  alcohol 21 

Fatty  bodies,  cholesterin,  cerebrin,  etc 1*86 

Watery  extract 084 

Mineral  salts 0*49 

Calcareous  Concretions  are  oflen  present  in  these  tubercular  deposits; 
they  vary  in  composition. 

Insoluble  salts       70*1  per  cent. 

Soluble        "  29-5        "        (Boudet). 

The  soluble  salts  consist  chiefly  of  sodium  chloride  mixed  with  phosphate 
and  sulphate  of  soda;  the  insoluble  salts,  chiefly  of  phosphate  of  lime  with  a 
little  carbonate,  silica,  and  oxide  of  iron.  They  sometimes  also  contain  choles- 
terin  and  a  little  proteid  substance. 

Concretions  are  also  occasionally  found  in  the  lung  tissue,  as  well  as  in  the 
nose,  tonsils,  and* tracheae,  etc.;  they  consist  of  mucin,  fat,  phosphate  and  car- 
bonate of  lime,  and  magnesia.  They  may  contain  86'9  per  cent,  of  inorganic 
salts,  chiefly  phosphate  and  carbonate  of  lime  with  traces  of  iron  (Biermer)  ; 
or  consist  of  70*1  per  cent,  of  soluble  salts  (sodic  chloride,  phosphate,  and  sul- 
phate) and  29'5  per  cent,  of  insoluble  salts  (calcic  phosphate  and  carbonate, 
silica,  etc.),  as  given  above  by  Boudet. 

A  Lung  Calculus  (Soabzy). 

Fatty  matters  and  cholesterin 15*6 

Calcic  phosphate  and  carbonate 3'9 

Mucin  and  albumen 7'2 

Magnesic  carbonate 0'9 

Silica 0-8 

Water •    • 1*2 

In  pneumonia  the  lung  becomes  hepatized,  which  is  owing  to  the  solidifica- 
tion of  the  blood  derivatives  poured  out  into  the  air  cells.  In  this  condition 
glycogen  has  been  found  in  considerable  quantity. 

Melanic  as  well  as  other  tumors  occasionally  show  themselves  in  the  lung 
tissae;  and  well-marked  pigmentation  of  the  lung  may  be  produced  by  an 
accamulation  of  oxide  of  iron  particles,  as  in  siderosis ;  or  of  fine  carbon  particles, 
as  in  anthracosis. 

In  anaemia  leucin  and  tyrosin  are  often  present ;  in  Bright's  disease,  urea, 
uric  and  oxalic  acid,  inosit,  and  occasionally  ammoniacal  salts ;  in  diabetes,  gly- 
cogen and  glucose;  and  occasionally  the  same  in  purulent  pneumonia;  in 
tubercle,  cholesterin;  and  in  calcareous  degeneration,  much  lime  salts. 

Sputa  consist  of  the  secretions  of  the  mucous  lining  of  the  respiratory  tract, 
occasionally  mixed  with  saliva  or  nasal  mucus.  Normally  there  is  very  little 
Secreted,  while  in  different  diseased  conditions  the  quantity  is  generally  con- 
siderable, but  it  is  very  changeable.  As  examples  the  sputa  of  a  few  pulmo- 
nary diseases  will  be  given  here. 
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Diseases. 

Sputa  In 

grams  in 

the  24 

hours. 

Water. 

Solids. 

Organic 
constit- 
uents. 

Mucin. 

Alba- 
men. 

TaL 

Extrao- 
Uves. 

Ash. 

Bronchitis     . 
Pneumonia  . 
Phthisis    .    . 

185 

74 

124 

97-6  -98-8 

90-09-93-6 

94-5 

! 

1-7-2-3    1-17-1-7  0-69-1-2 
6-3-9-01  6-6  -8*35  1*1  -1*28 
6-6           4-7       1-8  -2-4  . 

3-09     0-02-O-82 

0*29-0-49  0-86-0*39 

1 

0-48     0-53-0^ 
2-8-3-95  ;0<6-e-77 
1-6-2-01 I0-7WW 

In  pneumonia  the  quantity  may  yary  from  26  to  122  grams  in  the  24  hoars; 
of  the  rusty  sputa,  from  30  to  300  grams ;  and  in  the  stage  of  resolution,  from 
250  to  300  grams.  In  phthisis  it  may  range  between  80  and  150  grams,  but 
the  daily  quantity  is  variable,  much  more  so  than  is  the  case  in  bronchitis. 

The  sputa  in  different  pulmonary  affections  vary  greatly  in  color,  odor, 
viscidity,  thickness,  etc.  In  consequence  of  chronic  inflammation  of  the  bronchi, 
especially  when  the  air  breathed  is  rich  in  particles  of  carbon,  as  with  miners, 
etc.,  the  expectoration  may  be  quite  hlaxJc;  red,  from  the  presence  of  blood  or 
blood  pigment ;  or  green^  from  biliary  pigment.  A  putrid  odor  is  given  off  by 
the  sputum  in  cases  of  gangrene  of  the  lung  and  bronchiectasis.  As  to  soZto, 
a  large  proportion  of  alkaline  chlorides  and  phosphates,  with  a  small  proportion 
of  sulphates,  is  usually  present. 

In  an  acute  catarrh  the  mucus  had  this  composition : — 

Water 97-9 

Solids 21 

Organic 1*36 

MiBeral 0*63 

But  if  the  irritation  is  long-continued  or  excessive  pus  also  may  make  its 
appearance.  In  old-standing  bronchitis  there  are  comparatively  few  cell  elements 
in  the  expectoration,  and,  as  we  have  seen  in  the  table,  little  or  no  albumen  or 
fat ;  but  in  acute  bronchitis,  acute  congestion,  and  occasionally  in  hydro- pneu- 
mothorax, the  albumen  is  much  increased.  In  pneumonic  sputa  the  amount  of 
fat  is  small,  but  that  of  the  extractives  abundant,  and  the  same  holds  good  in 
phthisis.  In  tubercular  phthisis  the  sputum  may  contain  tubercle  corpuscles 
and  debris  of  different  kinds ;  blood  may  also  appear  in  such  cases  as  well  as  in 
pneumonia,  and  it  may  be  so  abundant  as  to  be  readily  recognized,  or  it  may  be 
so  slight  as  to  be  masked.  In  case  of  doubt  examine  for  blood  by  the  ha&min 
and  spectroscopic  tests. 

Pneumonic  sputum  in  the  earli/  stage  of  the  disease  is  brown  or  yellowish 
red,  viscid,  and  somewhat  translucent,  consisting  of  a  mixture  of  mucus,  reddish 
serum  with  blood  corpuscles,  epithelial  cells,  and  threads  of  fibrin,  together  with 
coagulable  albumen.  When  the  lung  is  hepatized  the  color  of  the  sputum  is 
less  marked,  but  it  becomes  more  viscid,  and  it  maybe  grayish  or  purulent,  and 
contain  an  excess  of  sodic  chloride.  The  amount  of  this  last  salt  is  very  con- 
siderable. In  a  case  of  pneumonia  of  the  sixth  day  its  proportion  to  the  litre 
of  sputum  was  equal  to  4*5  grams,  only  0*5  gram  appearing  in  the  urine  of  the 
24  hours  in  the  same  time,  while  on  the  13th  day  of  the  same  case  the  propor- 
tion was  equal  to  8*20  grams  per  litre,  and  in  the  day's  urine  to  2*52  grams. 

According  to  Nasse,  1  litre  of  laryngo-bronchitic  mucus  contains  5*8 
grams  of  alkaline  chlorides. 

In  grai/  hepatization  the  sputum  becomes  brown,  less  viscid,  and  presents 
grayish  streaks;  it  is  rich  in  albumen,  and  contains  also  mucus  and  pus  cor- 
puscles, fatty  granules,  and  epithelial  cells. 

It  should  be  remembered  that  the  coloring  matters  of  prunes,  rhubarb,  etc., 
may  communicate  a  reddish  tint  to  the  sputum. 


RESPIRATION.  295 

CHAPTER  XXIX. 

BESFIBATJON. 

Respiration  is  essentially  a  chemical  phenomenon  in  which  oxygen 
is  absorbed,  and  carbonic  acid  and  water  exhaled  at  the  lungs,  the  two 
latter  compounds  resulting  from  oxidations  that  have  occurred  in  the 
tissues. 

Changes  effected  upon  the  Air  by  Respiration.— The  air  in  its  passage 
through  the  lungs  undergoes  several  changes. 

1.  The  inspired  air  loses  4*7  per  cent,  oxygen,  and  the  expired  air 
gains  4'3  per  cent,  carbonic  acid  gas  (Vibrordt). 

2.  The  expired  air  is  saturated  with  aqueous  vapor. 

3.  The  temperature  of  the  inspired  air,  if  somewhat  lower  than 
that  of  the  body,  is  raised  to  33°  to  36°,  the  exact  temperature,  how- 
ever, depending  on  that  of  the  air,  and  on  the  depth  and  rate  of  the 
respirations;  but  if  the  temperature  of  the  inspired  air  is  very  low, 
then  it  will  not  be  so  high — i.  e.  temperature  of  inspired  air  6*3°, 
temperature  of  expired  air  29*8°  (Valentin). 

4.  The  volume  of  the  expired  air  is  slightly  less  (from  ^  to  yj^) 
than  that  of  the  inspired  air,  while  the  volume  of  carbonic  acid  gas 
added  to  the  air  is  nearly  equivalent  to  that  of  the  oxygen  absorbed, 
the  carbonic  acid  containing  its  own  volume  of  oxygen ;  yet  a  little  of 
the  oxygen  inspired  does  not  thus  reappear  in  the  carbonic  acid  of  the 
expired  air. 

5.  The  expired  air  is  also  said  to  contain  traces  of  ammonia,  hydro- 
gen, carburetted  hydrogen,  and  other  hydrocarbons;  perhaps  also  a 
slight  trace  of  nitrogen  in  excess  of  that  inspired,  and  very  slight 
traces  of  organic  bodies  badly  known.  Some  of  these  bodies  probably 
arise  in  the  intestinal  organic  decompositions  (Pettenkofer).  As  to 
ammonia,  young  individual  produce  more  than  old,  and  small  propor- 
tionately more  than  large  animals.  For  every  100  lbs.  body  weight  an 
adult  man  expires  in  the  twenty-four  hours  about  3*9  grains,  and  a 
young  boy  about  6*2  grains  ammonia  (Grouven).  According  to 
jLossen,  however,  the  average  in  the  twenty-four  hours  for  an  adult  is 
0-014  gram  (0-22  grain). 

The  amount  of  free  nitrogen  in  the  system  depends  greatly  on  the 
atmospheric  pressure :  if  this  is  lowered  nitrogen  leaves  the  body ;  so 
also  if  the  temperature  is  raised.  In  a  state  of  hunger  some  nitrogen 
appears  to  be  absorbed,  while  with  well-nourished  beasts  a  little  seems 
to  be  exhaled  from  the  organism.  Pettenkofer  and  Voit,  however, 
deny  that  free  nitrogen  is  eliminated  from  the  body  to  the  extent 
asserted  by  Seeqen  and  Nowak. 

The  oxygen  of  the  inspired  air  traverses  by  effusion  the  fine 
membrane  separating  it  from  the  blood,  and  it  is  then  taken  up  in 
^eat  part  by  the  haemoglobin  of  the  corpuscles,  with  which  it  forms  an 
unstable  combination;  a  small  portion  is  also  dissolved  in  the  liquor 
sanguinis. 

Of  the  carbonic  acid  exhaled  for  every  five  parts  only  one  part 
comes  from  the  corpuscles,  and  the  remaining  four  from  the  plasma. 
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(1)  The  portion  in  the  corpuscles  is  probably  combined  with  the  hjemo- 
globin;  (2)  that  in  the  plasma  is  partly  in  a  state  of  simple  solution, 
while  the  rest  (3)  is  feebly  combined  with  the  sodic  carbonate  and 
phosphate  of  the  serum  (ZuNTz).  One  chemical  equivalent  of  common 
phosphate  of  soda  enters  into  a  loose  combination  with  the  same  quan- 
tity of  carbonic  acid  as  two  equivalents  of  carbonate  of  soda  (Fernet). 
This  loosely  combined  carbonic  acid  is  readily  evolved  by  reduction  of 
pressure  or  the  passage  of  another  gas,  especially  in  presence  of  al- 
buminous bodies  (Sertoli)  or  in  that  of  the  colored  corpuscles  (Preyer). 
The  oxyhsemoglobin  which  is  formed  in  abundance  early  in  the  respira- 
tory act  would  thus  appear  to  form  the  part  of  an  acid  in  liberating  the 
combined  carbonic  acid.  Indeed,  according  to  Holmgren,  the  presence 
of  oxygen  in  the  lungs  greatly  increases  the  tension  of  the  carbonic 
acid  in  the  blood. 

Other  circumstances  also  assist;  thus  the  rapidity  of  the  blood 
current,  and  the  great  extent  and  moist  condition  of  the  respiratory 
surface,  no  doubt  facilitate  the  diffusion  and  exhalation  of  the  carbonic 
anhydride.  Possibly  also  the  diminished  pressure  in  the  air  cells  may 
assist  in  the  elimination ;  and  that  some  reduction  of  pressure  in  the 
interior  of  the  lungs  is  possible  we  know  to  be  the  case.  After  Bon- 
ders this  is  a  normal  occurrence,  in  some  animals  to  the  extent  of  — 3 
mm.  and  in  man  — 1  mm.  mercury,  and  in  a  forced  inspiration  to  as 
much  as  — 57  mm.  But  as  to  the  exact  rationale  of  the  expulsion  of 
the  carbonic  acid  gas,  our  present  knowledge  is  insufficient  to  enable  us 
to  say ;  and  it  is  accordingly  possible  that  other  agencies  are  at  work 
than  we  are  yet  acquainted  with;  indeed,  none  of  the  hypotheses  that 
have  been  given  hitherto  can  be  regarded  as  perfectly  satisfactory. 

Wliile  the  solubility  of  the  nitrogen  in  the  serum  is  regarded  as  the 
same  as  that  of  the  gas  in  an  aqueous  solution  of  the  salts  of  that  fluid 
(Fernet,  etc.),  some  consider  the  coefficient  of  solubility  to  be  higher, 
the  corpuscles  possibly  uniting  feebly  with  a  small  quantity  of  the 
nitrogen  (Setschenow).  As  to  the  absorption  of  nitrogen  in  respira- 
tion nothing  decisive  can  yet  be  said,  but  if  it  does  occur  at  all  it  must 
onlv  be  in  very  small  amount. 

For  every  100  vols,  air  inspired  only  99*25  are  expired,  if  calcu- 
lated as  dry  air  at  the  same  temperature  and  pressure.  This,  as  we 
have  seen,  is  due  to  part  of  the  oxygen  absorbed  not  being  replaced  by 
carbonic  acid  gas.  As  a  general  rule,  for  every  100  parts  of  oxygen 
which  disappear  in  the  lungs,  only  86  reappear  in  the  carbonic  acid  gas, 
and  nine  or  ten  or  more  in  the  water  exhaled.  An  adult  man  absorbs 
in  an  hour  28  to  36  ijrams  oxvcjen,  and  he  exhales  in  the  same  time  31 
to  41  grams  carbonic  anhydride,  corresponding  to  22*5  to  30  grams  of 
oxygen  and  8*5  to  11*2  grams  of  carbon.  The  5*5  to  6  grams  of 
oxygen  that  have  thus  been  retained  in  the  organism  are  used  up  there 
in  the  different  oxidations  of  the  economy.  One  of  these  products  is 
water,  of  which  more  is  excreted  than  is  absorbed.  The  extractives, 
including  urea,  etc.,  also  carry  away  with  them  part  of  this  retained 
oxygen. 

Quantity  of  Air,  Carbonic  Anhydride,  and  Water  Inspired  and  Ex- 
pired.— 1.  x\fter  the  most  complete  expiration  1,200  to  1,600  c.c.  (73 
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to  97  cubic  inches)  of  residual  air  remain  in  the  lungs,  or  according  to 
Grehant  1,700  C.C.  (104  cubic  inches). 

2.  After  an  ordinary  expiration  there  remain  2,500  to  3,400  c.c. — 
that  is,  from  1,800  to  1,700  c.c.  (79  to  104  cubic  inches)— of  supple- 
mental air. 

3.  The  air  taken  in  and  expelled  in  each  ordinary  respiration — the 
so-called  tidal  air — forms  4"  *^  iV  ^^  ^^  ^^^'^^  capacity,  or  about  500 
c.c.  (30  cubic  inches) ;  it  varies  with  age  and  size,  etc.,  and  may  only 
amount  to  330  c.c.  (20  cubic  inches). 

4.  The  term  complemental  is  applied  to  the  quantity  that  can  be 
inhaled  aft«r  the  deepest  possible  inspiratory  effort  beyond  that  intro- 
duced by  an  ordinary  inspiration;  it  averages  100  cubic  inches. 

5.  The  vital  capacity^  as  it  was  termed  by  Hutchinson,  is  the 
amount  of  air  expelled  by  a  forced  expiration  after  a  forced  inspiration. 
It  varies  from  200  to  300  cubic  inches,  being  influenced  chiefly  by  the 
height  and  weight,  8  additional  cubic  inches  accompanying  every  inch 
of  stature  from  5  to  6  feet ;  qorpulence  and  old  age,  on  the  other  hand, 
causing  a  diminution  in  its  amount. 

The  number  of  inspirations  in  a  minute  average  from  16  to  19. 
The  total  air  respired  in  the  twenty-four  hours  equals  about  11 
cubic  metres  (330*5  cubic  feet),  or  458  litres  per  hour  (13-7  cubic 
feet),  about  700  grams  (355  litres,  or  625  pints)  of  oxygen  being 
consumed  in  the  twenty-four  hours.  An  adult  inspires  about  7  litres 
(427  cubic  inches,  12*3  pints)  per  minute,  and  expires  in  the  same 
time  about  320  c.c.  (0-56  pint)  carbonic  anhydride,  and  in  the 
twenty-four  hours  about  800  grams  carbonic  anhydride  (406  litres,  or 
714J  pints). 

Dumas  gives  the  carbon  exhaled  by  the  skin  and  lungs  in  the 
twenty-four  hours  as  8J  oz.,  and  E.  Smith  as  7*14  to  11*7  oz. 

The  water  exhaled  by  the  lungs  in  the  twenty-four  hours  aver- 
ages between  350  and  500  grams  (f  to  |^  pint);  but  some  authors 
state  the  amount  as  averaging  somewhat  less  than  this,  or  only  10  oz. 
The  former  estimate  would  give  a  mean  of  0-05  gram  in  each  litre 
of  air  expired,  a  quantity  varying,  however,  with  the  state  of  the 
organism  as  to  bodily  heat,  respiratory  depth  and  rapidity,  and 
of  the  atmosphere  as  to  temperature,  pressure,  and  hygrometric  con- 
dition. 

The  accompanying  table  indicates  the  changes  effected  in  the  air  by 
the  respiratory  exchanges,  and  also  the  proportion  of  the  gases  in  the 
1)lood : — 


In  100  Tolames. 


Oxygen     .    . 
Nitrogen  .    . 
Carbonic  an- 
hydride 


AtmoHpheric  air 
(Dumas). 


Per  cent. 

20-81 
7919 

0037  to  0062 


Expired  air. 


(Brujtnkr  and 
Valentin.) 


Per  cent. 

16033 
79*557 

4-380 


(Spkck.) 


Per  cent. 

16-43  to  16-84 
79-48  "  79-55 

409  "     3-61 


Blood  gases 

(PFLt'OER). 


Per  cent. 
38-08 
309 

58-83 
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The  aqueous  vapor  in  the  expired  air  is  variable,  depending  on  the 
temperature ;  it  averages  1*4  per  cent.,  but  the  air  contains  only  about 
three-fourths  as  much  as  it  can  hold  when  saturated,  and  in  winter  the 
proportion  present  is  greater  than  in  summer,  although  it  is  capable  in 
summer,  on  account  of  the  higher  temperature,  of  holding  nearly  three 
times  the  usual  quantity  present. 

A  trace  of  ammonia  is  often  present  in  the  air,  and  occasionally 
traces  of  other  gases  in  the  air  of  large  towns. 

Circumstances  affecting  the  Eespiratory  Exchanges,  partionlarly  with 

reference  to  the  Carbonic  Anhydride. 

1.  State  of  Rest  or  Activity. — The  greater  the  labor  effected  in  a  given 
time  the  greater  is  the  consumption  of  oxygen,  and  the  greater  the  elimination 
of  carbonic  anhydride ;  but  the  period  of  increased  exhalation  of  carbonic  anhy- 
dride dependent  on  muscular  work  is  generally  followed  by  a  period  of  diminished 
exhalation  (Ranke).  As  the  result  of  observations  made  on  dogs  in  a  state 
of  repose  and  in  a  state  of  tetanus,  the  amount  of  carbonic  acid  gas  expired  was 
noticed  to  be  increased  proportionally  to  the  degree  of  muscular  work,  during 
the  period  of  rest  an  accumulation  of  oxygen  also  occurring  in  the  system 
(SczELKOW  and  Ludwig).  Muscle  work,  therefore,  occasions  a  proportionally 
rich  excretion  of  carbonic  anhydride  and  absorption  of  oxygen'  in  a  given  time, 
the  venous  blood  coming  from  the  active  muscle  being  richer  in  carbonic  acid 
and  poorer  in  oxygen  than  the  blood  flowing  away  from  a  muscle  at  rest.  The 
frequency  and  depth  of  the  respirations  accordingly  bear  a  relation  to  the  amount 
of  muscle  work,  this  increased  frequency  lasting  for  some  time  after  the  work 
has  ceased. 

Muscle  work  also  greatly  increases  the  water  exhaled,  sometimes  more  than 
doubling  it. 

2.  Food. — The  oxygon  absorbed  Ls  employed  for  the  oxidation  of  albimien, 
fat,  and  carbohydrates.  While  most  of  their  carbon  is  burnt  up,  appearing  as 
carbonic  acid,  part  is  otherwise  excreted  in  urea  and  uric  acid,  etc.  The  sulphur 
also  of  tluj  albumen  is  oxidized  to  the  state  of  sulphuric  acid,  and  the  hydrogen 
to  the  state  of  water.  Fats,  we  know,  are  very  rich  in  hydrogen,  and  accord- 
ingly umeh  oxygen  is  used  up  in  their  oxidation  ;  carbohydrates,  on  the  other 
hand,  are  more  eiusily  oxidizable,  as  they  contain  in  themselves  sufficient  oxygen 
to  combine  with  the  hydrogen  present  to  form  water. 

Some  carbonic  acid  is  undou}>tedly  formed  in  the  body  as  the  result  of  fer- 
mentation and  r)ther  similar  i)rocesses.  Part  of  this,  by  diffusion  from  the  in- 
testine, enters  the  blood  and  is  diseharired  at  the  lunjrs. 

The  (juantity  of  air  respired  and  of  carbonic  anhydride  exhaled  has  two 
maximum  and  tw(»  minimum  periods  in  the  24  hours,  corresponding  to  the  two 
chief  meals  of  the  day,  breakfast  and  dinner.  Less  of  the  gjis  is  expired  during 
fasting  than  after  food,  and  it  is  largely  increased  by  an  albuminous  diet.  A 
diminution  in  the  exhalation  is  said  to  occur  after  the  ingestion  of  alcohol, 
tea,  etc. 

The  building  up  of  the  carbonic  acid,  it  must  be  remembered,  is  not  a 
respiratory  act,  or  at  least  only  so  to  a  slight  extent ;  it  really  depends  upon 
the  living  cells  of  the  organism,  which  regulate  the  consumption  of  oxygen  and 
the  breakin*:  down  of  tissue.  The  carbonic  acid  thus  i^enerated  is  conveved  to 
the  lungs  to  be  dLschiu'ged.  As  to  this  consumption  of  oxygen  in  the  economy, 
Pfluger  is  of  opinion  that  each  living  cell  regulates  its  own  consumption,  and 
is  independent  of  the  pressure,  even  when  pure  oxygen  is  respired  the  intensity 
of  interniU  combustion  remaining  the  siune  as  with  air. 
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Begpiratory  Exchanges  in  Healthy  Men  under  Different  Conditions 

(Pettekkofeb  and  Voir). 


Oxygen  absorbed,  in 
grams. 

Carbonic  acid  expired, 
in  grams. 

Water  expired. 

Day. 

Night. 

Total 
in  24 
hours. 

Day. 

Night. 

ToUl 
in  24 
hours. 

Day. 

vNight. 

Total 
in  24 
hours. 

Without  food 

Mixed  diet 

AlbuminouB     J 

diet               1 

1  Non-nitrogenoi 

•—rest   .    •    • 

rest    . 
work  . 
rest    . 
work . 
rest    . 
work. 
IS  food 

420 
922 
469 
795 
632 
566 

523 

323 
150 
450 
211 
218 
310 

285 

743 
1,072 

919 
1,006 

850 

876 

808 

379 
930 
539 
828 
580 
596 

508 

316            695 
257          1,187 
404             943 
306          1,1^ 
423          1,003 
442          1,038 

331             839 

463 
1,425 

534 
1,035 

696 

644 

566 

351 
852 
475 
377 
414 
568 

359 

814 
1,777 
1,009 
1,412 
1,110 
1,207 

925 

3.  Influence  of  Hunger. — The  expired  air  is  only  half  saturated  with  aqueous 
vapor  (E.  Smith).  While  the  absolute  quantities  of  oxygen  absorbed  and 
carbonic  acid  exhaled  diminish,  their  proportion  to  the  body  weight  increases 
somewhat.  Starving  beasts  are  said  to  absorb  nitrogen  from  the  air  (Regnault 
and  Reiset). 

4.  Day  and  Nighty  lAght  and  Darkness,  and  Sleep  or  Wakefulness. — 
The  elimination  ,of  carbonic  acid  is  increased  in  the  light  and  diminished  in  the 
dark.  Animals,  it  is  known,  fatten  more  rapidly  if  kept  in  darkness.  During 
the  day  the  elimination  of  carbonic  acid  is  greater  than  in  the  night,  but  during 
the  night  less  oxygen  is  exhaled  than  is  absorbed.  The  color  of  the  light  is 
said  to  produce  a  difference,  but  the  results  of  observers  differ,  some  affirming 
that  the  most  active  evolution  of  carbonic  anhydride  occurs  with  a  yellow  light 
(Selmi)  ;  others,  with  violet  (B^chand)  ;  and  others  again,  with  yellow  and 
green  (Fott).  During  the  period  of  hibernation  that  occurs  in  some  animals 
only  a  small  amount  of  carbonic  anhydride  is  exhaled.  It  is  said  also  that 
during  the  same  time  these  animals  absorb  and  retain  a  certain  amoimt  of  nitrogen, 
but  a  far  greater  amount  of  oxygen.  During  sleep  the  exhalation  of  carbonic 
anhydride  is  diminished  and  a  slight  amount  of  oxygen  is  absorbed  and  retained 
beyond  what  occurs  during  a  period  of  wakefulness.  Thus,  comparing  the 
respective  exhalation  of  carbonic  anhydride  and  absorption  of  oxygen  during 
rest  and  labor  for  the  day  and  night,  we  have — 


For  100  COo  exhaled. 


For  100  oxygen  absorbed. 


Day.         Night. 

Rest 58  48 

I^bor 69  31 


Day.         Night. 

33  67 

31  69 

(Pettenkofer  and  Voit). 


5.  SeXf  Age,  etc, — The  respiration  is  more  active  in  the  male  than  the 
female ;  and  between  20  and  30  is  the  period  of  greatest  activity,  but  pro- 
portionally to  the  weight  the  activity  is  greatest  in  youth  (Pott),  relatively 
more  oxygen  being  absorbed  and  carbonic  acid  gas  excreted. 

In  the  female  the  elimination  of  the  carbonic  acid  increases  up  to  puberty, 
remains  more  or  less  stationary  up  to  the  cessation  of  the  menses,  and  then 
declines.  Males  generally,  however,  exhale  more  carbonic  anhydride  than 
females. 

In  pr^nancy  the  carbonic  anhydride  exhaled  is  increased,  but  diminished 
during  menstruation. 

6.  Size  and  Weight, — Starting  at  five  feet,  each  increase  in  height  of  one 
inch  augments  the  vital  capacity  of  the  lung  by  about  nine  cubic  inches  (eight 
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inches,  Hutchinson),  and  the  same  applies  to  an  increase  in  the  circtunference 
of  the  chest  (Arnold).  But  it  must  be  remembered  that  in  the  same  class 
of  animals  the  intensity  of  the  respiratory  process  is  greater  in  its  smaller 
members  (Bert). 

Thin  animals  absorb  in  general  in  the  same  time  more  oxygen  than  fat 
animals  of  the  same  species. 

7.  Mode  of  Respiration. — The  frequency  of  respiration  increases  the  total 
carbonic  anhydride  expired,  diminishing  it  relatively,  however,  to  the  amoimt 
of  air  inspired.  Thus  with  six  respirations  in  the  minute  28-5  c.c.  CO,  are 
exhaled  with  each  expiration,  and  171  c.c.  in  the  minute ;  while  with  12  res- 
pirations a  minute  there  arc  20*5  c.c.  COj  in  each  expiration,  and  a  total  of 
216  c.c.  in  the  minute  (Vierordt). 

With  deep  and  slow  inspirations  also  more  of  the  gas  lb  expired,  and  a  1 
per  cent,  increase  may  thus  easily  be  attained. 

8.  The  State  of  the  Circulation. — A  rapid  circulation  increases  the  ex- 
halation of  carbonic  anhydride,  as  seen  in  cases  of  excitement  and  fever. 

9.  Cerebral  Activity  or  Repose. — Not  only  is  the  temperature  of  the  active 
organ  raised,  but  the  carbonic  acid  gas  exhaled  is  increased  by  mental  work. 

10.  Season  and  Temperature. — 


Id  100  parts. 


December 
July  .    . 


Consumed. 


Food.  Oxygen. 


EvoWed. 


Water  br 

akin  and 

lungs. 


72-2 
75-4 


27-8 
24-6 


33-8 
361 


Carbonic 
anhydride. 


Total  excreta. 


323 

28-8 


Urine  and 
rascoa. 


33-2 
34*7 


Nasal 
secretion. 


0^ 
0-4 


100 


100 


(Barrall). 


A  lowering  of  the  temperature  augments  the  exhalation  of  carbonic  acid. 
This  is  well  seen  in  the  next  table  of  Vierordt's,  giving  the  mean  of  a  series 
of  observatioDS  on  a  man;  the  numbers  relate  to  a  period  of  a  minute: — 


At  8-5° 

The  pnlse 7293 

The  respirations 12*16 

Volume  of  air  expired    .     .     .  6,672  c.c. 

CO.^  expired 299*3   '* 

Percentage  of  COj  to  air  expired       4*28 


u 


At  19-40 

71-21 
11.57 
6,106  c.c 
257-8 
4-0 


(i 


It 


The  increase  in  the  exhalation  of  CO.^  is  accompanied  by  an  increase  in  the 
absorption  of  oxygen,  and  the  increased  carbonic  acid  is  due  to  the  intensified 
oxidation  processes  necessary  to  maintain  the  bodily  heat  (Tiieodor,  Voit). 

With  high  temperatures,  on  the  other  hand,  the  exhalation  of  carbonic 
acid  is  diminished  (Erler),  either  from  injury  to  the  blood  corpuscles  or  from 
interference  with  the  respiratory  movements.  But  with  cold-blooded  animals 
the  carbonic  acid  is  increased  up  to  a  certain  point,  with  a  rise  of  temperature. 

11.  Alterations  of  Pressure. — Much  diminution  of  the  atmospheric  pres- 
sure enfeebles  the  respiration  as  well  as  the  general  muscular  and  cardiac 
activity;  the  oxygen  absorbed  and  carbonic  anhydride  exhaled  are  also  much 
diminished,  and  at  the  same  time  the  urea  excreted  is  lessened.  These  eflfects 
of  diminished  pressure  probably  result  from  the  enfeebled  tension  of  the 
oxygen. 

If,  on  the  other  hand,  the  pressure  is  much  raised,  a  sensation  of  cold  i^ 
experienced,  while  the  carbonic  anhydride  exhaled  and  the  oxygen  absorbed  are 
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diminished.  The  effects  are  due  to  the  increased  tension  of  the  oxygen.  This 
excess  of  oxygen,  as  when  compressed  air  is  respired,  acts  deleteriously ;  when 
nearly  double  the  normal  proportion,  or  about  35  per  cent.,  is  present  in  the 
arterial  blood,  it  acts  as  a  poison,  convulsions  and  death  occurring,  as  also  a 
lowering  of  the  temperature,  indicating  a  hindrance  to  the  oxidation  TBert). 
Thus  under  a  pressure  of  20  atmospheres,  corresponding  to  4  atmospneres  of 
oxygen,  an  animal  dies  of  asphyxia  and  convidsions.  The  production  of  car- 
bonic acid  is  likewise  diminished.  At  a  still  higher  pressure  oxidation  is  much 
diminished  or  ceases  entirely,  just  as  under  a  high  pressure  phosphorus  will 
not  burn. 

12.  Species, — Birds  consume  the  most  oxygen.  The  relation  of  the  oxy- 
gen expired  in  the  carbonic  acid  to  the  oxygen  inspired  varies  considerably 
also  in  the  same  animal  with  the  nature  of  the  food:  thus  a  bird  fed  exclusively 
on  vegetables  and  grain  excretes  more  oxygen  in  the  carbonic  acid  exhaled 
than  is  supplied  by  the  air  inspired  in  the  same  period,  a  proof  that  in  these 
animals  part  of  the  carbonic  acid  may  come  directly  from  the  breaking  down  of 
the  food  itself 

13.  Disease. — In  febrile  conditions  the  temperature  is  raised,  and  accord- 
ingly is  attended  with  an  increased  production  of  carbonic  acid.  In  a  case  of 
inflammation  in  a  guinea  pig  the  following  results  were  obtained : — 


Normal  condition. 
Slight  fever 
High 


n 


Oxygen  ab- 
sorbed for 

each  kilo,  of 

body  weight 
in  c.c.  at  0° 

and  760  mm. 


Carbonic  acid 
produced  for 
each  kilo,  of 
body  weight 
in  c.c.  at  OP 
and  760  mm. 


during  1  hour,    during  1  hour. 


94817 
1137-3 
1242-6 


872-06 
949-5 
1201-59 


Proportion  of 
oxygen  in  the 
carbonic  an- 
hydride to 
that  absorbed. 


0-92 
0-83 
0-96 


Temperature. 

Of  the 

In  the  rectum 

air. 

of  the  animal. 

C. 

F. 

18-7*» 

37-1° 

98-7° 

17-5° 

38-5° 

101-3° 

15-9° 

39-7° 

103-4° 

The  absorption  of  oxygen  and  the  production  of  carbonic  acid  gas  are  thus 
both  increased  with  the  elevation  of  temperature,  the  respirations  also  being 
greatly  increased  in  frequency.  In  febrile  conditions  there  is  likewbe  an  in- 
creased production  of  urea  and  of  abnormal  quantities  of  organic  bodies  poor 
in  nitrogen  or  devoid  of  it. 

Extensive  anaesthesia  of  the  sensory  nerves  leads  to  diminbhed  respiratory 
exchanges. 

Yariations  in  the  Respired  Air. — If  the  proportion  of  oxygen  is  not 
reduced  below  17  per  cent.,  different  inert  gases  may  be  mixed  with  it 
without  risk,  but  in  a  gaseous  mixture  of  15  per  cent,  oxygen  and  85 
per  cent,  nitrogen  sparrows  will  die  in  less  than  an  hour.  The  pres- 
ence, however,  of  even  a  very  feeble  proportion  of  certain  toxic  gases 
is  suflScient  to  render  the  air  unfit  for  respiration.  When  carbonic  acid 
is  present  in  the  proportion  of  4*5  per  cent,  the  mixture  has  an  asphyx- 
iating action,  but  when  it  rises  to  10  per  cent,  the  asphyxia  is  very 
rapid.  Even  the  presence  of  1  per  cent,  makes  itself  felt,  and  in  stables, 
etc.,  horses  and  the  like  begin  to  show  symptoms  of  suffocation  when 
the  air  around  them  contains  only  0*3  per  pent.  It  is  found  that  when 
the  proportion  rises  above  a  certain  amount  it  tends  to  be  redissolved 
in  the  blood  and  to  induce   narcotism.     Accordingly   air   containing 
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much  carbonic  acid  is  unfit  for  respiration,  owing  to  its  inability  to  dis- 
charge the  blood  of  the  carbonic  acid  it  contains.  With  an  increas- 
ing proportion  of  the  gas  accumulating  in  the  respired  air,  a  point  is 
soon  reached  at  which  the  gaseous  exchanges  between  the  blood  and 
the  air  in  the  air  cells  of  the  lungs  either  ceases  so  far  as  the  carbonic 
acid  is  concerned,  or  takes  place  too  slowly  and  imperfectly  to  keep  the 
blood  suflSciently  pure  to  allow  the  continuance  of  the  vital  processes 
of  the  organism. 

In  an  atmosphere  containing  58*53  per  cent,  oxygen  and  20*09 
per  cent,  carbonic  acid  gas  rabbits  die  rapidly,  although  the  oxygen 
present  is  double  its  normal  amount  in  the  air. 

But  the  dangers  of  a  confined  and  vitiated  atmosphere  are  due  not 
only  to  the  excess  of  carbonic  acid,  but  also  to  the  accumiilation  in  it 
of  other  respiratory  products  from  the  lungs  and  skin.  For  the  mere 
presence  of  1  per  cent,  carbonic  acid  in  the  respired  air  has  very  little 
efiect,  but  an  atmosphere  in  which  the  carbonic  acid  has  been  raised  to 
this  proportion  by  respiration  is  highly  detrimental.  Indeed,  air 
rendered  so  impure  by  respiration  as  to  contain  even  0*08  per  cent, 
carbonic  acid  gas  is  decidedly  unwholesome.  In  an  hour  a  man  will 
add  about  1  per  cent,  of  the  gas  to  about  70  cubic  feet  of  air;  and  if 
the  proportion  is  kept  down  to  0*1  per  cent,  at  least  700  cubic  feet 
should  be  supplied  to  him  every  hour,  or  about  16,800  cubic  feet  in  the 
24  hours. 


CHAPTER  XXX. 

PROSTATE,  TESTICLE,  OVARY,  AND  SEMEN. 

I.  The  Prostatic  Secretion  is  troubled  and  slimy,  and  with  an 
alkaline  or  neutral  reaction;  it  contains  al])umens  in  very  small  propor- 
tion (0-45  to  0-92  per  cent.),  and  salts,  chiefly  sodic  chloride  (about  1 
per  cent.),  also  potash  and  sulphuric  and  phosphoric  acids;  of  water 
there  is  about  98*5  per  cent.  But  comparatively  little,  it  must  be  con- 
fessed, is  known  as  to  the  exact  nature  of  this  secretion.  It  probably 
serves  to  mix  with  and  dilute  the  semen. 

Prostatic  calculi  frequently  occur.     These  have  been  found  with 
the  following  composition : — 

Per  cent. 

AViiter 80 

Organic  substances  (with  2  per  cent,  nitrogen)     .  15*8 

Lime 37*64 

Magnesia 2*38 

Soda       1*76 

Potash 0*5 

Phosphoric  acid 33*77 

A  trace  of  iron. 

II.  The  Testicle. — The  waterv  extract  of  the  fresh  testicle  has  been 
found  alkaline  (Sertoli)  and  acid  (Treskin).     Treskix  obtained  the 
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following  bodies  in  the  testicle :  globulin  substances  precipitated  by  a 
saturated  solution  of  sodic  chloride,  kreatin,  inosit,  leucin,  tyrosin, 
lecithin,  cholesterin,  fats,  and  the  chloride  of  potassium  and  sodium. 
Serum  albumen,  alkali  albuminate,  and  phosphoric  acid  are  probably 
also  present,  and  glycogen  has  been  found  as  an  inconstant  element 
(Sertoli). 

In  the  testicle  of  salmon  Miescher  obtained  25  per  cent,  solids,  of 
which  10-95  to  14*72  are  soluble  in  ether;  these  ethereal  extractives 
consist  in  the  100  parts  of — 

Lecithin 61*8   to  53*12 

Cholesterin 130    "  15*76 

Fat 3118  "  33-88 

The  secretion  of  the  testicles  is  the  semen,  which  is  a  white,  viscid 
fluid  that  is  characterized  by  the  presence  in  it  of  the  spermatozoa, 
which  exhibit  marked  movements  while  alive  and  active.  This  power 
of  movement  they  retain  for  several  days  in  the  alkaline  fluids  of  the 
body,  but  they  soon  lose  it  in  acid  fluids,  or  in  water,  alcohol,  ether, 
chloroform,  or  strong  alkalies.  They  have  much  power  of  resistance 
against  diSerent  reagents  and  do  not  decompose  readily. 

Spermatozoa. — As  their  chief  chemical  components  we  find  nu- 
clein,  which  appears  to  form  their  exterior,  contained  therein  being  cer- 
tain albuminous  bodies.  Over  4  per  cent,  of  sulphur-containing  bodies 
are  also  present,  and  a  proportion  of  water  of  about  82  per  cent. 

In  the  nuclein  obtained  from  the  spermatozoa  of  the  bull  there  is 
16*4  per  cent,  nitrogen,  together  with  7*189  per  cent,  phosphorus,  but 
no  sulphur.  Miescher  gives  it  the  formula  CggH^^NgPgOgg.  While 
the  nuclein  obtained  from  spermatozoa  is  free  from  sulphur,  the  simi- 
larly named  body  extracted  from  the  nuclei  of  pus  corpuscles  contains 
1*85  to  2*13  per  cent,  of  this  element. 

In  addition  to  the  above  lecithin,  cholesterin,  and  fat  have  also 
been  found  in  semen. 

The  pure  spermatozoa  of  the  salmon  have  this  composition : — 

Per  cent. 

Nuclein 4868 

Protamin — a  base  in  combination  with  the  nuclein  26*76 

Albumens 10*32 

Lecithin 747 

Cholesterin 224 

Fat 4-53 

The  ether  extract  of  the  spermatozoa  of  the  bull  contains  51*6  per  cent, 
of  lecithin,  and  in  the  dry  spermatozoa  there  is  present  118  per  cent,  of  sul- 
phur and  2-36  per  cent,  of  phosphorus,  while  of  ash,  containing  much  phos- 
phate, there  is  about  5*21  per  cent.  Crystals  also  of  an  albuminous  character 
have  been  found  in  the  semen,  which  appear  to  be  of  the  same  nature  as 
Charcot's  crystals,  that  are  obtained  from  the  splenic  pulp  and  leukiemic 
blood,  etc.  They  can  frec[uently  be  obtained  by  spreading  out  some  semen  on 
a  piece  of  glass  and  allowing  it  to  dry  slowly.  It  is  possible,  however,  that 
these  crystals  may  really  be  derived  from  the  prostatic  secretion.  According 
to  BOttcher  they  are  soluble  in  water,  but  shrink  up  and  become  opaque  and 
insoluble  in  boiling  water;  they  are  readily  soluble  in  alkaline  solutions,  in- 
soluble in  alcohol,  ether,  and  chloroform,  and  are  colored  brown  by  iodine. 
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To  the  body  named  protamin  has  been  assigned  the  fonnula  CjH^jO,.OH. 
It  enters  into  combination  with  platinic  chloride,  and  unites  with  some  of  the 
mineral  acids.  An  ammoniacal  solution  of  nuclein  gives  with  a  solution  of  a 
protamin  salt  a  granular  precipitate  of  nuclein-protamin,  which  is  insoluble  in 
water  and  ammonia,  but  easily  soluble  in  dilute  acids. 

A  body  named  spemuitm  has  been  described  as  present ;  it  is  allied  to  al- 
kali albumen  and  mucin,  and  to  its  presence  the  semen  is  said  to  owe  its  mu- 
cilaginous consistency. 

III.  The  Ovary. — The  capsule  and  framework  of  this  gland,  like 
that  of  the  testicle,  is  fibrous,  and  yields  gelatin  when  boiled.  The 
fluid  in  a  Graafian  follicle  contains  paralbumin.  From  the  corpora 
lutea  a  yellow  pigment  (hceniolutetn)  can  be  obtained  by  means  of  chlo- 
roform, and  this  extract  gives  a  spectrum  with  two  absorption  bands — 
one  well  defined  and  close  to  F,  between  it  and  b ;  and  a  second  faint 
band  between  f  and  G. 

Qfsts  frequently  form  in  the  dfeiy.  Their  contents  vary  somewhat-,  but 
the  fluid  is  genendly  turbid,  more  or  less  dark  colored,  and  often  thready, 
having  a  specific  gravity  of  1020  to  1040,  and  containing  0*7  to  0*9  per  cent 
albumen.  After  this  cystic  fluid  has  stood  some  time  a  moderate  amount  of 
sediment  f:ills,  consisting  of  columnar  epithelium,  nuclei,  cell  detritus,  and 
often  cholesterin  crystals.  When  it  is  diluted  with  water  a  turbidity  appears, 
and  by  the  addition  of  alcohol  a  precipitate  is  obtained  of  Scherer's  parai- 
bumiuj  a  body  not  completely  coagulated  by  boiling  or  by  the  addition  of  acetic 
acid,  thus  differing  from  Hoppe  Seyler's  paralbumin,  which  is  precipitated 
by  acetic  and  carbonic  acids. 

Very  thready  fluids  generally  contain  in  addition  alkali  albumen,  mucin, 
mucin  peptone,  and  Eichwald's  colloid,  a  transition  form  between  mucin  and 
its  peptone.  When  boiled  with  dilut<3  sulphuric  acid  this  colloid  furnishes  an 
unfermentable  body  that  can  reduce  cupric  oxide.  It  is  insoluble  in  wat^r, 
acetic  acid,  alcohol,  and  ether,  but  .solu})le  in  the  alkalies  and  in  strong  nitric 
acid;  iodine  stains  it  brown,  and  Millon's  reagent  gives  it  a  brownish  red  tint. 

In  some  few  large  cysts  a  thin  fluid  of  coni])arutively  low^  sfx^cific  gravity 
is  found,  containing  seniui  albumen  and  idkali  albuminate,  but  no  paralbumin, 
and  in  addition  souh*  mucin  and  })Optones.  Occasionally  the  cystic  fluid  may 
be  clear,  watery,  and  very  ])()or  in  albumens. 

The  largest  cysts  are  found  in  the  broad  ligament,  and  their  fluid  contents 
are  generally  bright,  clear,  and  slightly  o])alescent,  weakly  alkaline,  hanng  a 
specific  gravity  of  1(102  to  1(107,  containing  little  or  no  albumen,  sulphates  or 
phosi)hates,  and  depositing  no  sediment.  Such  a  fluid  contains  about  2  -  p^r 
cent,  dry  solids,  of  which  organic  constituents  form  13  (al})iuuen  1)95  pr 
cent.)  and  ash  about  Ut)4  per  cent.,  chiefly  sodic  chloride  with  traces  of  swbc 
and  calcic  carbonates. 


CHAPTER  XXXI. 

DEGENERA  TIONS. 


The  tissues  and  organs  having  already  been  considered  in  detail, 
certain  degenerations  to  which  they  arc  occasionally  subject  will  here 
be  very  briefly  referred  to. 
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They  may  be  classified  into  fatty^  colloid^  mucous^  amyhid  or 
lardctceous^  pigmeTvtary^  and  calcareous.  But  it  is  often  difficult,  it 
may  be  said,  to  distinguish  between  a  morbid  infiltration  and  a  de- 
generation' in  which  the  tissue  elements  are  transformed. 

I.  Fatty  Degeneration  is  generally  produced  when  the  circulation 
in  a  part  becomes  insufficient.  Fatty  granules  accumulate  in  the  cor- 
puscular elements  of  the  tissue,  giving  them  first  a  granular  appearance 
and  then  causing  them  to  break  down,  the  protoplasm  in  its  decomposi- 
tion giving  origin  to  urea,  cholesterin,  and  fatty  bodies.  In  phosphorus 
poisoning  somewhat  similar  effects  are  brought  about  in  the  heart  and 
liver,  etc.,  with  an  increased  excretion  of  urea  in  the  urine. 

This  direct  change  of  a  proteid  body  into  fat  has  been  proved 
experimentally  by  placing  fragments  of  muscle  or  coagulated  albumen 
in  the  serous  cavities  of  living  animals  (Wagner),  and  also  by  the 
direct  putrefaction  of  fibrin  (WuRTz). 

The  degeneration  may  be  preceded  by  an  infiltration,  and  in  certain 
acute  diseases  with  a  high  temperature  the  tissue  elements,  particularly 
the  glandular  and  mucous  epitheliums  and  muscle,  are  invaded  by  fine 
granulations  of  a  proteid  nature.  If  this  condition  is  prolonged  the 
albuminoid  infiltration  may  gradually  undergo  a  fatty  degeneration. 

II.  Colloidal  Degeneration.— In  cells  as  well  as  in  muscles  (as  the 
adductors  of  the  thigh),  after  certain  eruptive  fevers,  uraemia,  etc.,  an 
accumulation  of  homogeneous  refracting  material  may  be  often  noted 
gradually  replacing  the  normal  tissue,  first  giving  rise  to  a  granular 
appearance  and  then  to  a  vitreous  aspect. 

In  the  follicles  of  the  thyroid  a  similar  colloid  degeneration  is  to  be 

seen.    When  cells  are  subjected  to  this  degeneration  they  swell  up,  and 

after  a  time  lose  their  outlines ;  and  in  proportion  as  the  degeneration 

proceeds  the  colloidal  material  loses  its  consistency,  and   becomes   a 

trembling  mass  very  rich  in  sodic  chloride,  and  consisting  chiefly  of  a 

non-albuminoid  body  that  is  precipitated  by  alcohol  and  tannic  acid, 

<;olored  red  by  Millon's  reagent,  and  to  which  the  name  of  colloidin  has 

>>een  given  (Gautier),  with  the  formula  CgHi^NOg;  it  possesses  the 

properties  of  an  amide  derivative  of  the  proteids. 

III.  Mucous  Degeneration. — Normally  a  small  proportion  of  mucin 
is  present  in  some  of  the  tissues ;  if  this  amount  is  greatly  exaggerated, 
ci,nd  at  the  expense  of  the  proper  elements  of  the  tissue,  we  have  mu- 
<*ous  degeneration.  An  accumulation  of  a  similar  body  is  found  in 
oertain  tumors  (myxomata,  enchondromata,  and  sarcomata). 

IV.  Amyloid  Degeneration  is  due  to  the  accumulation  of  a  pale, 
^axy-looking  substance  in  the  tissues  of  a  part,  causing  their  elements 
to  swell  up  and  their  nuclei  to  atrophy,  and  after  a  time  their  different 
elements  to  fuse  into  irregular  blocks.  The  organs  most  subject  to  this 
change  are  the  liver,  spleen,  kidneys,  suprarenal  capsules,  and  the 
Walls  of  blood  vessels,  etc.,  and  it  is  produced  most  frequently  in  per- 
sons who  have  been  subject  to  syphilis,  tubercle,  carcinoma,  or  long- 
standing purulent  discharges. 

The  amyloid  substance  contains  15*5  per  cent,  nitrogen  and  1*37 
per  cent,  sulphur.     All  its  reactions  seem  to  show  that  it  is  a  mixture 
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of  a  series  of  bodies  closely  allied  to  albumen  (Gautier),  although  it 
has  long  been  regarded  as  a  special  form  of  albumen.  (For  its  charac- 
ters see  p.  120.) 

y.  Pigmentary  Degeneration. — The  pigment  is  not  always  the 
same,  but  it  is  probably  a  derivative  of  haemoglobin  decomposition. 
An  abundant  formation  of  this  pigment  occurs  in  melansemia,  Addi- 
son's disease,  and  melanic  cancer. 

The  pigment  occurs  in  the  form  of  small  dark  granulations.  The 
name  melanin  has  been  given  to  it.  It  dissolves  slowly  in  caustic  pot- 
ash, forming  a  brownish  red  solution,  and  corresponds  in  composition 
to  the  normal  pigment  of  the  eye. 

The  pigment  may  also  occasionally  show  itself  in  the  form  of  crys- 
tals of  haematoidin.  In  the  disease  named  cliromhydrosh  this  pigment 
is  eliminated  with  the  sweat. 

The  following  is  an  analysis  of  a  melanotic  tumor  (Eiselt  and 
Bolze)  : — 


Albumen 3*28 

Insoluble  tissues      .    .    .    7*92 
"         pigment  .     .    .    3-36 


Soluble  pigment ....      2*0 

Salts 10 

Water 82*4 


VI.  Calcareous  Degeneration.— As  the  result  of  irritation  of  different 
kinds,  of  general  or  local  disturbances  of  nutrition,  and  of  senile  atrophy, 
etc.,  there  may  ensue  an  infiltration  of  mineral  salts  into  many  of  the 
tissues,  particularly  into  the  coats  of  the  blood  vessels  and  into  costal 
cartilages,  giving  rise  to  the  appearance  of  calcification. 

The  deposit  consists  chiefly  of  carbonate  of  lime  mixed  with  phos- 
phate of  lime  and  traces  of  salts  of  magnesia.  The  new  formation 
contains  no  ossein  and  presents  no  ossific  structure. 


CHAPTER  XXXII. 


MILK, 

Physical  Characters. — Milk  is  an  opaque  whitish  fluid,  having  an 
opalescent,  bluish  tint  in  thin  layers,  and  a  specific  gravity  varying 
between  1018  and  1045,  or  averaging  between  1028  and  1034  (SiMOX); 
it  is  a  natural  emulsion,  consisting  of  little  globules  of  fat  invested  with 
coatings  of  casein  and  suspended  in  a  solution  of  albumen,  milk  sugar, 
and  salts.  The  reaction  of  milk  is  variable,  woman's  milk  and  that  of 
the  herbivora  being  normally  alkaline,  but  that  of  carnivora  acid ;  with 
the  milk  of  herbivora,  however,  it  is  often  possible  to  obtain  a  double 
reaction,  both  acid  and  alkaline,  owing  to  the  presence  of  an  acid  sodic 
phosphate  (HoNaPO^)  and  of  an  alkaline  disodic  phosphate  (NajHPOj- 
Milk  becomes  acid  on  standing,  owing  to  the  conversion  of  part  of  its 
sugar  into  lactic  acid  ;  and  at  the  same  time  the  fatty  globules  rise  to 
the  surface,  forming  a  layer  of  cream,  some  of  these  globules  possibly 
also  being  freed  from  their  protein  envelopes  (MtJLLER). 
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The  so-called  uterine  milk  is  a  white  or  rosy-colored,  creamy,  alkaline  fluid, 
having  a  density  of  1U33  to  1040,  which  is  obtained  by  gentle  compression  of 
the  placental  cotyledons  of  ruminants.  It  quickly  becomes  acid  and  coagulates. 
Fatty  particles,  free  nuclei  and  epithelial  cells  are  present  in  it.  This  has  been 
assigned  as  its  composition  in  the  case  of  the  cow  : — 


Water 87-91 

Solids 1209 

(Fat 1-23 


Albumen  and  ceUs 
Albuminate  .  .  . 
Ash 


10*40 
016 
0-37) 


In  most  new-born  mammals  the  mammae  may  secrete  a  little  strongly 
alkaline  fluid  during  the  first  month,  which  contains  about  96  per  cent, 
water,  1*4  per  cent,  salts,  0*9  per  cent,  sugar,  0*55  per  cent,  casein, 
and  0*49  per  cent,  albumen. 

Amount  Secreted, — From  the  third  to  the  sixth  month  of  lacta- 
tion a  woman  secretes  each  day  about  2  to  2  J  lbs.  of  milk ;  but  the 
amount  is  very  variable,  and  may  be  taken  as  an  average  of  If  pint 
daily.  A  good  cow  gives  about  four  times  its  body  weight  of  milk  in 
the  year,  or  about  six  to  seven  litres  (ten  to  twelve  pints  each  day). 

Chemical  Composition. — The  milk  contains  dissolved  and  suspended 
constituents ;  the  latter  are  the  corpuscles  or  globules  which  consist  of 
particles  of  butter  enclosed  in  minute  casein  envelopes,  ysVrr  ^^  31jW 
of  an  inch  in  diameter,  though  some  of  them  may  be  as  small  as  ^oioo 
(Fleiscumann). 

For  a  few  days  after  parturition  colostrum  corpuscles,  which  are 
accumulations  of  fatty  particles  of  a  pale  yellow  color,  ys^tt  ^  T^ir  ^^ 
an  inch  in  diameter,  are  also  present.  A  few  epithelial  cells  may  like- 
wise be  met  with. 

With  regard  to  the  existence  of  the  casein  envelopes  as  distinct 
membranes,  it  should  l)e  mentioned  that  some  doubts  have  been  expressed 
by  several  observers  (Zahx,  etc.) ;  but  if  the  milk  is  first  mixed  with  a 
little  caustic  potash,  and  then  well  shaken  with  ether,  the  fat  will  be 
dissolved  up  by  the  latter — indicating,  at  any  rate,  the  existence  of  an 
albuminous  envelope  of  some  kind. 

The  casein,  sugar,  and  fat  are  formed  in  the  cells  of  the  mammary 
gland,  chiefly,  no  doubt,  at  the  expense  of  the  proteids,  by  a  difieren- 
tiation  probably  of  the  serum  albumen.  The  secretion  appears  to  bear 
a  direct  proportion  to  the  production  of  chyme. 

I.  Solids  in  a  Pint  of  Milk. 

Grams. 

Nitrogenous  constitaents 23*9 

Fatty  **  22-7 

Saccharine  "  30.3 

Salts 4.0 


II.  Composition  of  the  Milk  of  Different  Animals  (after  GOBUP  Bbsanez, 

LlEBERMAMN,  GAUTIEB,  etC.) 


Constituents. 

Woman. 

Aas. 

Cow. 

Goat. 

Sheep. 

Mare.  ' 

j 

Colostrum 

i 

1  Water    .... 

86-27 

88-91 

87-77 

84-08 

90-70 

86*56 

86-76 

88-30 

82-84 

Solids     .... 

13-72 

1109 

12-23 

15-92 

19-30 

13-44 

13-24 

16-69 

1716 

Casein     .    .    . 
Albumen     .    . 

}2*95 

3-92 

2-34 

3-23 

1-70 

(8-50 
0-58 

2-92 
1-81 

5-73 

1*64 

Butter     .    .    . 

5-37 

2*67 

8-68 

5-78 

1-55 

403- 

4-48 

605 

6-87 

Milk  sugar .    . 
Inorganic  salts 

518 

4-M 

5-55 

6-51 

6-80 

4-60 

8-91 

3-96 

U-65 

0*22 

0-14 

0-23 

035 

0*50 

0*73 

0*62 

0*68 
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In  the  case  of  colostrum  the  deficiency  is  in  the  casein,  there  being  an 
excess  of  the  other  albumens.  In  woman's  milk  the  proteids  may  vary  from 
1*1  to  4*19  per  cent. ;  in  one  analysis  Tolmatschefp  obtained  1*28  per  cent, 
casein  and  0*34  per  cent,  albumen. 


(«) 


III.  The  Ash  of  Milk  in  100  Paris. 


Sodinm.    .     .  . 

Potassium  .  . 
Chlorine    .     . 

Calcium     .     .  . 

Magnesium  .  . 
Phosphoric  acid 
Sulphuric      *' 

Ferric  oxide  .  . 

Silica     .     .    .  . 


Woman^s  milk 

(WiLDBNSTBIM). 


4-21 
31-69 
1906 
18-78 

0-87 
1900 

2-64 

0-10 
trace 


Coir's  milk. 


(Wbbkb.) 


6-38 

24-71 

14-39 

17-31 

1-90 

2913 

1-16 

0-33 

009 


(Haidlbk.) 


} 


8*27 
16-42 
16-96 

66-52 
0-62 


The  potash  salts,  it  will  thus  be  seen,  exceed  the  soda  salts,  the  inverse  of 
which  holds  good  in  the  serum  of  blood. 


(/3)  (Vernois  and  Becquerel.) 


Salts  insoluble  in  water 


a 


soluble 


u 


r  phosphate  of  lime,  with 
77-6  per  cent,  -j      traces  of  other  salts 
(  carbonate  of  lime  .     . 

{sodic  chloride    .     .     . 
*'     sulphate  .     .     . 
other  salts    .... 


7006 
6-9 
9-8 
7-4 
5-3 


Of  ash  in  cow's  milk  BuNOE  obtained  08  per  cent.,  of  which  2214  ptT 
cent.  =  K.^O.  24-75  per  cent.  =  ph()s])h()ric  acid.  21li  per  cent.  =  chlorine. 
20n.")  r^  CaO,  1:M)  =  Na.,0.  2(>3  =  Ml^O.  and  004  ::^-  FeA- 

Human  milk  is  therefore  much  richer  than  cow's  milk  in  potash  salts. 


IV.  Tlie  Relative  Value  of  Different  Kinds  of  Milk. 


i 

1 

Water. 

Casein  and 
albumen. 

Butter. 

1 

Su^a 

ir  and  mU" 

Mare's 

milk   ....           9115 

1-03 

1-27 

61-2 

Ass's 

"       ....           8901 

:V57 

1-85 

5-57 

AVoman' 

s    •'            ...           87-24 

2-88 

:V68 

5-78 

Goat's 

86-85 

:j-79 

434 

1 

3-7i< 

Cow '8 

.     .           84-28 

4.S5 

647 

! 

4-34 

Sheep's 

V.  Cor 

\den8eil  Milk. 

605 

3-96 

Per  cent. 

(") 

AVater 

.     29      to 

24 

Solids      . 

.     71       " 

76 

Casein . 

.     16       " 

18 

Fatfi     . 

9       " 

13 

Milk  sugar   . 
Cane      ^* 

8      " 

18 

27       ' 

29 

Ash 

• 

2      " 

2-5 

Phosphoric  acid 

• 

0-2    • 

0-7 
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(/?)  Swiss  Condensed  MxUe — without  added  sugar,  but  with  added  benzoic  acid 

(Fleischmann). 


Water 52*31 

Fat 1309 

Albamen 1213 


Lactose 17*43 

Ash 2-78 

Benzoic  acid      ....      1*74 


VI.  Oases  of  MUk  (PflCgeb)  (at  0°  and  1  metre  pressure). 

In  100  Tolumes  of  gas. 
90*48 
119 
8*33 


In  100  volumee  of  milk. 
Carbonic  anhydride  .    .    .    7*60 

Oxygen 010 

Nitrogen 070 


{ 


The  constituents  of  milk^  therefore,  are  proteids,  principally  casein 
with  a  little  serum  albumen ;  fats,  as  olein,  much  palmitin,  much  less 
stearin,  and  about  2  per  cent,  of  the  total  fats  as  triglycerides  of  butyric 
C^HgOa),  caproic  {G^VL^O^,  caprylic  (CgHigOj),  with  traces  of  myristic 
Ci^HjgOj)  and  arachidic  (CaoH^Oj)  acids,  some  of  these  last  probably 
not  being  present  in  fresh  milk ;  milk  sugar  or  lactose,  which  varies 
least  in  quantity ;  and  extractives  and  salts,  chiefly  potassic  phosphate 
and  chloride,  and  calcic  phosphate,  with  traces  of  cholesterin  and  leci- 
thin and  of  a  body  resembling  lutein.  But  analyses  show  that  great 
variation  exists  in  the  composition  of  milk,  as  is  well  seen  in  the  case 
of  cow's  milk  (Borries). 

Woman^s  mUk  contains  87  to  90  per  cent,  of  water,  in  which  we  find  casein, 
semm  albumen,  a  body  like  lacto-protein  (Millon,  Liebermann),  together 
with  fats,  milk  sugar,  extractives,  and  inorganic  salts.  The  lacto-protein  body 
is  not  precipitated  by  boiling,  by  acids,  or  mercuric  chloride,  but  only  by  the 
acid  nitrate  of  mercury.  Hoppe  Seyler  regards  it  as  a  mixture  of  serum 
albumen  and  casein. 

Nasse  maintains  that  casein  contains  more  loosely  combiDed  nitrogen  than 
other  animal  albumens,  Lubawin  coDsidering  it  closely  allied  to  nuclein. 
According  to  Radenhausen,  when  human  milk  is  shaken  up  with  ether  it 
loses  its  opacity,  which  is  not  the  case  with  cow's  milk,  this  latter  requiring  the 
previous  addition  of  caustic  soda  to  bring  about  the  same  result.  He  is  further 
of  opinion  that  the  casein  of  human  milk  is  not  true  casein,  but  rather  an 
albamen.  Traces  of  peptone  were  also  found  by  him  in  human  milk.  The 
casein  of  woman's  milk  also  is  not  so  easily  precipitated  by  acetic  and  carbonic 
acid  as  that  of  the  cow,  and  it  forms  a  gelatinous  mass  difficult  to  filter ;  sul- 
phate of  magnesia,  however,  precipitates  it  more  readily  and  completely. 

Cow^s  milk  contains  some  extractives  that  are  said  to  be  wanting  in  woman's 
milk':  among  these  are  urea  (001 5  per  cent.)  and  traces  of  kreatin;  also  acetic 
acid  (0*004  to  0*014  per  cent.)  and  alcohol — 800  c.c.  ass's  milk  yielding  30  c.c. 
of  a  distillate  containing  3*5  per  cent,  alcohol  and  0*036  gram  acetic  acid 
(B^champ).  Two  different  caseins  are  likewise  mentioned,  one  soluble  and 
the  other  insoluble  (Selmi),  and  a  trace  of  gelatin  is  also  described. 

The  casein  is  an  acid  body  (Rochleder),  which  in  the  pure  form 
is  scarcely  soluble  in  water,  but  in  milk  it  is  combined  with  a  soluble 
alkali  albuminate.  Calcic  phosphate  also  serves  as  a  solvent  medium 
for  the  casein  of  milk. 

The  relative  proportions  of  casein  and  albumen  in  milk  are  (Makris) 
easein,  1'87  to  4*68  per  cent.;  albumen,  0*60  to  1*77  per  cent.  In 
addition  to  serum  albumen  another  albumen  is  described  as  present, 
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having  the  composition  C  =  52*9,  H  =  6*7,  N  =  14*4;  it  is  not  pre- 
cipitated when  the  milk  is  acidified  with  acetic  acid  and  a  current  of 
carbonic  acid  gas  passed  through  it,  nor  is  it  coagulated  by  boiling. 

A  considerable  amount  of  nitroffenous  matter,  apart  from  the  casein 
and  albumen,  is  contained  in  milk  (Hoppe  Seyler)  ;  in  human  milk  it 
varies  between  0-3  and  0*5  per  cent.,  and  in  cow's  milk  it  is  about  0*7 
per  cent. 

Danilewski  describes  three  albumens  in  the  whey  of  milk,  the 
chief  one  being  identical  with  the  stroma  albumen  of  the  milk  globules ; 
the  second  an  albumen  of  albuminoid  character,  named  orroprotein; 
and  the  third  being  peptone. 

Milk  sugar  is  one  of  the  characteristic  constituents  of  milk,  and 
butter  the  most  variable  one. 

Coagulation  of  Milk. — Milk,  even  when  just  drawn  from  the  cow, 
contains  living  organisms  derived  from  contact  with  the  udder,  the 
hands  of  the  milker,  or  the  vessel  in  which  the  milk  is  collected.  These 
are  aerobian  which  take  up  oxygen  from  the  air  and  produce  diastases 
that  coagulate  the  casein.  If  a  few  drops  of  indigo-carmin  solution 
are  added  to  new  milk  filling  a  stoppered  bottle,  the  color  soon  dis- 
appears, but  is  restored  again  on  exposing  the  milk  to  the  air. 

The  coagulation  which  is  due  to  a  deposition  of  the  caaein  may 
occur  spontaneously  when  the  milk  turns  sour,  or  after  the  addition  of 
rennet  or  of  vegetable  or  mineral  acids  to  warm  milk.  Tannin,  alcohol, 
the  salts  of  the  heavy  metals,  and  many  neutral  salts  of  the  alkalies 
produce  the  same  result. 

But  IIammarstkn  affirms  that  a  pure  salt-free  casein  solution  gives 
no  permanent  precipitate  even  when  strongly  acidified,  and  that  also  for 
its  coagulation  to  be  effected  by  rennet  the  presence  of  phosphate  o 
lime  is  indispensable;  further,  that  when  it  is  coagulated  by  rennet 
two  new  albumens  are  formed,  one  being  a  cheesy  body  soluble  with 
difficulty  in  water,  and  the  other  a  whey  albumen  that  is  easily  soluble. 

The  spontaneous  coagulation  takes  place  in  one  of  two  ways.     It  is 
generally  preceded  by  the  formation  of  lactic  acid  from  the  milk  sugar 
by  the  lactic  ferment,  the  action  of  which  is  destroyed  by  neutrali- 
zation of  the  milk  with  a  few  drops  of  sodic  carbonate  and  then  boiling, 
or  by  the  addition  of  borax.     But  spontaneous  coagulation  may  set  in 
without  the  milk  turning  sour ;  it  is  not  then  due  to  the  lactic  ferment, 
but  to  arrobia,  acting  as  casein  ferments  and  active  producers  of  dias 
tases.     This  coagulation  is  not  always  arrested  by  boiling,  even  afte 
the  addition  of  sodic  bicarbonate.     As  these  ferments  are  most  activ 
at  40°  to  45°,  if  the  milk  can  be  heated  to  this  point  without  coagu 
lating  the  temperature  may  then  l)e  raised  to  100°,  when  the  fermen 
will  be  destroyed  (Dlx'Laux). 

When  milk  is  boiled  and  allowed  to  evaporate,  a  scum  or  pellicle  a 
insoluble  casein  forms  on  its  surface,  which  is  renewed  on  its  removal  — 
Colostrums,  sow's  milk,  and  the  milk  of  carnivora  coagulate  wheK::» 
heated. 

The  presence  of  small  quantities  of  salts,  such  as  sodic  and  potassio 
chloride  and  acetate,  etc.,  prevents  to  a  certain  extent  the  precipitati(>« 
of  casein  by  acids ;  so  it  is  possible  that  when  acid  is  added  to  a  pare 
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solution  of  casein  minute  traces  of  salts  may  be  generated  by  the  action 
of  the  acid  on  the  casein.  The  coagulation  by  acid  is  probably  a  pre- 
cipitation of  the  casein  by  a  neutralization  of  the  solvent  alkali ;  but 
for  the  acid  to  effect  precipitation  it  must  be  added  beyond  the  point  of 
neutralization. 

Milk  that  has  been  boiled  coagulates  spontaneously  with  diflSculty, 
but  after  having  been  acidified  it  does  so  more  readily  than  unboiled 
milk.  Boiled  milk  is  also  more  difficult  to  coagulate  by  rennet  than 
fresh  unboiled  milk. 

Fresh  milk  is  not  coagulated  by  boiling  even  after  a  current  of  car- 
bonic acid  has  been  passed  through  it,  but  if  the  milk  has  stood  some 
time  coagulation  will  be  thus  produced,  while  if  a  sufficient  time  has 
elapsed,  and  a  sufficiency  of  lactic  acid  has  been  developed,  boiling  alone 
will  effect  the  coagulation;  later  still  a  current  of  carbonic  acid  will 
coagulate  the  milk,  and  finally  the  milk  will  set  of  itself,  the  coagulum 
consisting  of  casein  and  fat,  and  the  whey  of  a  solution  of  milk  sugar, 
lactic  acid,  and  inorganic  salts,  with  a  little  fat  albumen,  and  traces  of 
casein.     Heat  accelerates  the  process  considerably. 

Rennet,  we  have  seen,  causes  milk  to  coagulate,  and  this  occurs 
whether  the  milk  is  weakly  acid  or  alkaline,  and  more  rapidly  at  a 
moderately  elevated  temperature  than  at  a  low  temperature;  but  it 
coagulates  with  difficulty  if  it  has  been  previously  heated  to  75°.  Milk 
as  it  comes  from  the  cow  has  a  temperature  of  37°  ;  the  ordinary  tem- 
perature at  which  coagulation  occurs  is  25°  to  35° ;  at  65°  the  diastase 
of  the  rennet  is  destroyed,  at  10°  pure  rennet  may  be  left  in  contact 
with  sterilized  milk  for  an  indefinite  time  without  causing  coagulation, 
and  at  41°  the  maximum  efiect  is  produced.  The  addition  of  a  1  per 
cent,  sodic  chloride  solution  causes  the  curdling  to  be  more  rapid ;  the 
same  occurs  also  with  a  dilute  potash  solution,  whereas  with  a  4  to  10 
per  cent,  sodic  chloride  solution  it  is  rendered  much  slower. 

An  active  rennet  may  be  thus  prepared :  The  stomach  of  a  young  calf  is 
rapidly  washed  in  plenty  of  cold  water,  then  distended  with  air,  and  hung  up 
in  a  dry  place  for  two  or  three  months.  All  the  walls,  except  a  small  portion 
round  the  pylorus,  are  cut  up  into  small  pieces  and  macerated  for  two  or  three 
days  in  six  times  their  weight  of  sodic  chloride  solution  (5  per  cent.) ;  more  of 
the  same  saline  solution,  or  some  5  per  cent,  boric  acid  solution,  is  next  added, 
the  whole  allowed  to  stand  for  some  time,  then  decanted  and  filtered.  The 
filtrate  is  to  be  preserved  in  the  dark  in  full  bottles  tightly  corked ;  or  seven  to 
eight  times  its  volume  of  alcohol  may  be  added  to  it,  the  precipitate  filtered  off 
after  twelve  hours,  and  dried  at  a  gentle  heat.  This  last  keeps  well  and  may 
be  dissoWed  in  water  when  required  (Duclaux).  One  part  of  thb  dry  mucus, 
which  need  not  contain  more  than  10  per  cent,  diastase,  will  cause  200,000 
parts  of  milk  to  coagulate  in  45  minutes  at  37^. 

Free  lactic  acid  liberates  the  casein  from  its  alkali  combination, 
and  accordingly  rennet  acts  more  completely  on  a  milk  that  has  stood 
some  time,  in  which  part  of  the  milk  sugar  has  fermented;  but  the 
coagulation  of  the  casein  by  rennet  and  by  lactic  acid  are  not  to  be  re- 
garded as  identical.  Milk,  it  may  be  said,  contains  a  lactic  acid  fer- 
ment, or  a  body  that  is  readily  converted  into  it;  it  is  precipitable  by 
alcohol. 
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Alterations  in  Milk  produced  by  Exposure  to  the  Air,  Age  of  the  Animal^ 

Character  of  the  Food,  etc. 

(a)  Exposure  to  the  Air, — Milk  exposed  to  the  air  absorbs  in  three  days 
more  than  its  owu  volume  of  oxygen,  part  of  its  casein  being  transformed  at 
the  same  time  into  butter  (Hoppe  Seyler)  ;  and  by  degrees  the  milk  turns 
acid  from  the  production  of  lactic  acid  at  the  expense  of  the  sugar.  When 
the  lactic  acid  rises  to  4  per  cent,  it  ceases  to  increase.  If  the  milk  is  fre- 
quently agitated  in  the  air,  alcoholic  or  even  butyric  fermentation  may  be  set 
up.  Boiling  retards  the  acidification,  and  the  same  results  froxa  the  addition 
of  thymol  and  boracic  acid  or  its  glyceride. 

(hi)  Age  and  Habit,- — In  women's  milk  comparatively  little  difference 
seems  to  exist  between  the  ages  of  20  and  35,  although  after  20  it  is  said  to 
become  somewhat  thinner,  containing  more  water  and  less  casein  and  butter. 
Before  the  age  of  20  the  milk  contains  more  salts,  casein,  and  butter  than 
later  in  life ;  and  after  aet.  35  it  is  a  little  poorer  in  salts,  the  other  elements 
apparently  remaining  unaltered. 

It  has  also  been  stated  that  women  of  spare  habit  secrete  a  milk  richer  in 
solids  (as  casein,  etc.)  than  women  of  robust  habit,  and  that  the  milk  of 
brunettes  is  richer  in  casein,  butter,  and  milk  sugar  than  the  milk  of  blondes 
(L'HfeRiTiER) ;  but  no  difference  has  been  observed  by  others  (Tolmatscheff). 

The  milk  of  a  mother  after  her  first  child  is  said  to  contain  less  solids  than 
that  secreted  after  subsequent  confinements. 

(c)  Duration  of  Secretion. — Milk  secreted  by  the  mother  the  first  three 
or  four  days  after  parturition  contains  an  excess  of  fat  and  is  named  the  colos- 
trum. This  is  a  slimy,  yellowish,  alkaline  fluid,  having  a  specific  gravity  of 
1040  to  10 GO,  which  on  standing  separates  into  two  layers;  compared  with  or- 
dinary' milk  it  is  richer  in  fat,  milk  sugar,  and  salts. 

Shortly  before  parturition  the  human  milk  contains  about  14  per  cent. 
solids,  about  2  per  cent,  butter,  and  8j  per  cent,  sugar;  but  about  24  hours 
after  delivery  nearly  IG  per  cent,  solids,  which  diminish  about  1  per  cent, 
every  tew  days  till  the  twelfth  day,  when  they  average  about  9*5  per  cent. 
Two  days  subse<juently  to  parturition  the  ])utt<»r  averages  nearly  5  per  cent, 
and  the  sugar  G  per  cent. — proportions  that  diminish  rapidly  to  the  normal 
(Clemm,  etc.) 

During  the  first  five  months  the  salts  are  in  excess,  and  then  progressively 
decrease  to  the  eighth  month,  when  they  increase  slightly;  the  casein  and  ex- 
tractives diminish  up  to  the  second  month,  and  then  remain  nearly  cou.stant, 
but  from  the  tenth  to  the  twenty-fourth  month  the  casein  declines;  from  the 
eighth  to  the  tenth  month  the  sugar  increases,  this  body  being  in  small  pr<>- 
portion  during  the  latter  part  of  the  first  month ;  and  in  the  fifth  and  sixth, 
and  ti'nth  and  eleventh  months  tlit^  butter  falls  in  pro}>ortion,  progressively  di- 
minishing from  the  first  to  the  eighth  month,  and  then  increasing  slightly. 

After  suckling  is  given  up  the  solids  rapidly  fall.  The  milk  secreted  after 
a  long  period  of  lactation  is  generally  poorer  in  casein  and  richer  in  other  al- 
bumens than  the  milk  secreted  at  an  earlier  period. 

(d)  Injlnoicc  if  Frequent  Removal  of  the  Milk,  Time  of  Dfiy.  Season,  etc. 
— The  less  i'recjuently  the  milk  is  takt^n  from  the  mammary  gland  the  greater 
is  its  proportion  of  water,  the  last  portions  removed  being  genendly  the  richest 
in  butter,  ui'uerallv  containin*^  seven  times  more  than  the  milk  that  comes 
away  at  first — due  probal)ly  to  the  greater  degree  of  agitation  to  which  this 
last  portion  has  been  subjected,  and  possibly  also  to  its  coming  from  the  finer 
canals. 

In  mammals  it  has  been  observed  that  the  evening  milk  is  nearly  twice  as 
rich  in  butter  as  the  morning  milk.     If  a  cow  is  milked  three  times  a  day.  the 
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proportion  especially  of  casein  and  of  butter  is  higher  in  the  evening,  the  salts 
remaining  about  the  same  (BOdecker)  : 


Morning. 

Midday. 

Evening. 

Specific  gravity    .    . 

Water 

SoUds 

• 

Casein 

Sugar 

Butter 

Albumen  .... 
Ash 

1038 
89-9 
101 

1040 
89-2 
10-8 

1036 
86-6 
13-4 

2-24 
4-30 
217 
0-44 
0-83 

2-36 
4-72 
2-63 
0-32 
0-69 

2-72 
4-19 
5-42 
0-31 

0-78 

(Fleischmann.) 


Morning. 

Evening. 

Specific  gravity 

Percentage  of  fat 

Yield  for  each  cow  in  kilos  .    .    . 

1031-6 
3-37 
3-552 

1031-8 
3-42 
3-439 

According  to  Erlenmeyer,  however,  midday  milk  is  the  richest  in  fat, 
and  morning  milk  the  poorest,  because  of  the  greater  quantity  of  milk  that 
has  been  formed  since  the  previous  milking.  Fleischmann  states,  as  the  re- 
sult of  observations  continued  over  three  years,  that  in  morning  milk  the  fat, 
dry  solids,  and  specific  gravity  are  lower  than  in  evening  milk,  the  difference 
being  slight  but  constant. 

In  summer  the  milk  is  more  abundant  and  richer  in  butter  than  in  winter. 

(«)  The  Food, — While  the  quality  of  the  food  does  not  seem  to  exercise 
much  influence  on  the  character  of  the  milk,  the  quantity  appears  to  do  so 
(Decaisne).  Yet,  according  to  some  authorities,  a  food  rich  in  proteids  in- 
creases the  butter  and  sugar  (Subbotin,  Weiske).  An  exclusively  animal 
diet  increases  the  albumen  at  the  expense  of  the  casein.  Abundance  of  food 
iuCTcases  both  casein  and  fat,  while  a  lessened  diet  diminishes  the  total  solids 
with  the  exception  of  the  albumen. 

(y*)  Rest  seems  to  encourage  the  formation  of  butter,  exercise  impoverish- 
ing the  milk  in  butter,  but  enriching  it  in  casein.  The  emotions  appear  to 
exercise  considerable  influence  on  the  character  of  the  secretion.  During 
menstruation  the  milk  is  richer  in  solids  (Roqer),  but  it  appears  to  contain 
less  nutritious  principles  and  is  more  liable  to  excite  gastric  disturbance  in  the 
infant.  Probably  the  chief  chemical  alteration  consists  in  the  diminished 
proportion  of  sugar. 

BTTTTEE. — Cow*s  butter  contains  about  68  per  cent,  palmitin  and 
stearin,  30  per  cent,  olein,  and  2  per  cent,  special  fats  (Bromeis),  and 
the  solid  fats  appear  to  be  more  abundant  in  winter  than  in  summer 
(Braconnot).  But  the  standard  proportion  of  fixed  acids  in  genuine 
butter  fat  has  been  variously  fixed  by  different  chemists — 87-5  per  cent. 
^Hehner),  88  to  88-36  per  cent.(BiscHOFF),  89-73  per  cent.  (Fleisch- 
mann). 

The  amount  of  fat  in  cream  is  also  said  to  vary  very  much,  from  14 
to  44  per  cent.  (Wanklyn). 


Bv  m •••:■:. :::.'!•:■:*!  ;t ;:;:;» ri-'L  :?.^r  ''-irrrr  '^ar:  >?  •^-i^iirri'Tn-i  rV'-m  the  milk 
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T'<i'\.'.y  •'•!;•■!••  ::i  ;»!■:•  ■•.■■l  :'.z:  i  v::.er.     By  -.x:- '-::>.•  :•■  r:.*.-  nir  :tn«l  •lirm.-i 
•Jir.!:j!.:  '■;;::.•:•  '■•-•.•"lii-*  mri'.-i'i.  "'viLj  :■..  ::..-  ■>•■.>■'■  t  ri.r!i:  "ft'irtv  a«i»l>. 

f 'rT..;r!'ri  ••!'  I:ti-:;i-  rt-;:-!  '•;.-  a  {.r'-.t-'-s  -'f  tViTi**:!::.!::-!!  iV'-m  tht-  milk 

r^'  I\*$*rK'it>o.i  or'  Milk. — A  riumr-or  of  'ii5eront  c-:-iit-#  like  salicvlic 
ati'l.  •;!?>: r.  ■';h!'  r  .fc-rm.  ph^ti'.-l.  borate  •.■f  5»>ia.  ;»n'i  l.vr:.:Iv«ri'lv.  when  adJfd 
in  ?iiia!!  prj-vrti  .n  t"  milk,  tend  t'^  fre:>*.rve  it:  but  this  [.r^2=crva:i'>n  Is  bent 
eff-.-crtd  by  ►rv^j.-.-ritinL'  the  miik  to  a  thick  syrap  under  a  rednctd  pressure, 
and  ad;in2  •'>  it  a  c.'n.*iderible  quantity  ^f  cane  sUl'ot:  this  on  dilution  irive?  a 
fluid  '^:';]T'f:>i<ndini'  M'  the  original  milk,  txccpt  in  contain  in  j  tuvre  su-charine 
iLAtt^r. 

Di*j^.t'.i.h'do>f  of  OiJ^ia. — Rennet  preeipitau-s  casein  in  C'l-mf-act  niaa*e^ both 
from  t:^'^  iil'\'<  ixA  lullk  that  ha-"  K.-en  warm-.d  a  sh-.rt  timt'  at  5m-  to  7^-.  If 
the  ri.ix  !•  -.-  W-A  r  k-:j-t  \-x**  hour^  a:  7»'"  Be^. ker">  i:.-::h-.  1  f  milk  pri-*- 
er-'ati'/Ti  ?» Ji :.-::■.'':' -uivfi:  i.-urd  *«--n  I'orm*  wi:r:  rviiuvt.  Dij'.?::  ii  •ixi-vriujt.-nts 
with  ar^irieii*  iT'i-'-rir-  jui.>:  and  -ub?*-'|Mo:i:  o  '.  .rlmv::!-.-  •!■.:•  riiiiniiti-n  t'f  the 
j*p?onc:s -h'jw  that  Beckers  jT'.'par:\:i"i:  yiv!d*  il.-.>:  t  .j  t'l:*  >.  l-.ilvd  milk 
comini'  next,  and  raw  milk  viel  iinj  i'.-a>f. 

compare  w..nian  r  milk  wi:h  that  of  the  ;l*?  riiri  -.■■  w  we  t:.i — 

f*;i^:in           27  17  4  0 

Butter ::5  i:?  :i -^ 

Milk  sni::i'  .  -^  '•  *  "»  o'"* 

Salt? 0-2  i'-5  "7  FkaNKI.aND  . 

Therefore  the  pp-p-^niun  --f  ca.-r«.iii  in  i:-w>  milk  :•»  i-  hi^h  mid  that  of 
milk  aU'jar  l«"io  low.  lu  the  substitute?  j  r] ••.■>■ -i  nn  attt-m; :  :•»  m:id-:  i"  --bviate 
thu.  But  it  •hould  b*:  rememl.»-r':d  tli:it  tiii-  >  i^  in  ■■:'  w.-m;!!!';  milk  d"ts  not 
^tpear  to  be  exactly  i^lentical  with  that  of  cwS  utllk. 

L              Ua^kimmt.fl  milk .  »••••»    i^'.'^n-^- 

Cream  of  milk 1^^ 

Cr\'fftallized  Mi;:ar  of  milk !■"> 

PhffSphatt- of  Htim-    ri-«:Hnily  iiri-«iiiiratt  i]  r.'» 

Water .  :'':!:•  ■=>                 On  i.ier  . 

n.  Wh<rat  flour  I  <•/:. 

Malt  V"     . 

Poiai*h  birarbfjnatr 14^  ur.iins. 

Mix  Wfll  and  a«Ul 

Water  .  "3  o/. 

Cow'<9milk    .  .  10  " 
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Warm  the  mixture,  with  continuous  stirring,  over  a  very  slow  fire  till  it 
becomes  thick,  then  remove  from  the  fire  and  stir  well  for  five  minutes;  put  it 
on  the  fire  again  and  take  it  off  as  soon  as  it  gets  thick ;  finally  let  it  boil  well. 
It  should  form  a  thin  and  sweet  liquid  previous  to  the  last  boiling.  Before  use 
strain  through  muslin. 

III.  Heat  half  a  pint  of  skimmed  milk  to  35°,  and  add  to  it  a  little  rennet; 
let  it  stand  in  a  warm  place,  either  over  a  lamp  or  in  some  hot  water,  for  ten 
minutes  or  so.  Break  up  the  curd  finely  with  a  knife,  and  after  a  quarter  of 
an  hour  strain  the  whey  through  muslin  and  boil  it  in  a  small  saucepan,  adding 
to  it  110  grains  of  powdered  sugar  of  milk.  Strain  again  through  muslin,  and 
when  quite  cold  add  to  it  two-thirds  of  a  pint  of  milk  fresh  from  the  cow,  and 
two  teaspoonfuls  of  cream,  stirring  well  together.  The  milk  obtained  should 
be  kept  in  a  cool  place ;  a  little  of  it  is  warmed  when  required,  but  it  must  be 
freshly  prepared  every  12  hours  (Frankland). 

Pathological  Alterations  in  Milk.  Drugs,  etc. — Salts  of  iodine,  anti- 
mony, and  arsenic  rapidly  appear  in  the  milk  after  their  administration ;  also 
salts  of  mercury  after  heavy  and  repeated  doses,  though  this  is  denied  (KuH- 
LEr).  Boric  acid,  chlorides,  alkaline  carbonates,  and  salts  of  iron,  lead,  and 
zinc  may  likewise  appear;  also  the  organic  acids,  morphia,  and  other  alkaloids. 
The  ingestion  of  certain  poisonous  plants  and  of  damaged  grain  affects  the  milk 
injuriously. 

In  certain  morbid  conditions  there  is  an  increase  of  the  albumen  at  the 
cost  of  the  casein.  In  osteomalacia  the  lime  salts  are  increased.  Blue  milk 
has  been  observed  containing  a  colored  vibrio.  Blood  mid  pus  may  be  present. 
The  contour  of  the  globules  may  be  altered  and  not  sharply  defined,  and  their 
number  lessened  (as  in  "distemper"  of  cows). 

During  acute  fevers  the  secretion  of  milk  decreases,  the  casein  increasing, 
but  the  sugar  and  fats  diminishing. 

In  chronic  diseases  the  proportion  of  casein  falls  slightly,  while  the  butter 
and  salts  increase,  the  sugar  remaining  constant. 

In  tuhercular  consumption  it  is  said  that  the  milk  acquires  a  peculiar 
infective  taint.  In  syphilis  the  salts  are  doubled,  but  the  casein  and  butter 
are  diminished.  In  different  cachexias  the  nutritive  qualities  are  lessened. 
In  the  rinderpest  in  cows  the  milk  is  oft^n  of  a  reddish  yellow  color;  it  may 
contain  blood  and  possess  a  nasty  taste;  the  proportion  of  butter  and  sugar 
may  sink  to  one-third  the  normal,  while  the  albumen  and  salts  may  be  in- 
creased to  three  times  their  ordinary  amount,  the  casein  also  being  doubled. 
HussoN  found  the  following  percentages:  casein  502,  albumen  206,  fat  1*26 
to  1-49,  sugar  164  to  314,  salts  185. 


CHAPTER  XXXIII. 

THE  ANALYSIS  OF  MILK. 

Physical  Characters. — Good  cow's  milk  is  whito  with  a  faint  yellow- 
ish tint,  or  when  diluted  it  is  bluish  white;  it  has  a  fatty  and  not  a 
watery  feel  between  the  fingers ;  if  undiluted  a  drop  of  it  placed  on  the 
thumb  nail  retains  its  shape  instead  of  rapidly  spreading  out,  which  it  is 
very  likely  to  do  if  it  has  been  diluted  or  if  it  proceeds  from  an  un- 
healthy source.     Its  specific  gravity  should  not  be  lower  than  1018  or 
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higher  than  1045;  an  average  of  1029  to  1033  at  15°  is  given  by 
some  authorities.  The  reaction  is  generally  alkaline,  though  at  times 
it  is  amphoteric,  and  occasionally  while  the  first  of  a  milking  is  alkaline 
the  last  of  it  may  be  acid. 

TESTS.— I.  QuaUtatiye. 

1.  Examine  a  drop  under  the  microscope  and  note 

^ o  ^""^  ?9        the  globules ;  then  add  a  drop  of  acetic  acid,  and  on 

•  °3  °o  *    ""  o*  '  **     moving  about  the  cover  glass  the  globules  will  be  seen 

oO(*o°oOo3      to  coalesce,  owing  to  their  casein  coatings  having  been 

^  o  J*c°o°o  ^9^9  °      dissolved.     In  addition  globules  of  firee  fat  may  be 

®»  e^S*^  ^  ^        ^^^^  ^^^  large  granular  fatty  cells  (particularly  in 

*"*  o*  *  human  milk  after  parturition),  also  fine  free  granu- 

Fio. 27— M^K Glob-      lations  Consisting  chiefly  of  casein  and  nuclein,  and 

disappearing  on  the  addition  of  caustic  potash. 
2.  Take  the  specific  gravtty.  As  the  hydrometer  or  lactometer  is 
generally  graduated  for  a  temperature  of  15°,  the  milk  should  be 
brought  to  this  point  if  accurate  results  are  retiuired;  otherwise  a  cor- 
rection must  be  made.  Normal  cow's  milk  is  said  to  indicate  1028  to 
1034.  Dilute  some  normal  cow's  milk  with  half  its  volume  of  water 
and  take  the  specific  gravity :  it  will  vary  from  1014  to  1016. 

The  following  numbei's  have  been  given,  but  they  are  probably  a 
little  too  high  : 


with  skimmed         Uoflkimmed 
milk.  milk. 

A  spec,  jjrav.  of  1037  to  1033  or  1033  to  1029  indiciites  a  pure  milk. 

1033  "  1029  "  1029  "  102()        **         milk  with  10  per  cent,  water —  -^• 
1029  "  1026  "  1026  "  1023        *'  "        '*     20         " 

1026  '*  1023  "  1023  "  1020        "  "        "     30         " 

1023  "  1020  ''  1020  ''  1017        "  "        ''     40 

3.  Separate  the  casein  by  diluting  the  milk,  acidifying  slightly  witL^  *" 
acetic  acid,  and  heating  up  to  G0°  or  70° ;  but  by  heating  to  80°  the-^^^^  ^ 
flocculent  j)recipitate  beeoines  more  marked,  and  a  more  complete  sepa^ —  ^' 
ration  of  the  casein  is  eflected  by  subsecjuently  passing  a  current  ofc3fc^  '^ 
carbonic  acid  gas.  The  greater  part  of  the  butter  separates  with  the-?^^"^^ 
casein.  To  detect  it  wash  the  casein  precipitate  with  water,  exhaust^'  *^ 
the  waslied  mass  with  a  mixture  of  alcohol  and  ether,  and  evaporate^=^^^ 

the  extract  thus  obtained.     Boil  the  filtrate  from  the  first  casein  pre ■  "" 

cipitate,  or  add  to  it  j)0taijsic  ferrocyanide,   and  a  precipitate  of  the^ 
serum  albumen  will  be  obtained. 

4.  To  Separate  the  Butter, — Add  to  a  little  milk  contained  in 
long  cylindrical  tube  half  its  volume  of  caustic  potash  solution  (10  per", 
cent.),  and  then  shake  the  mixture  rapidly  with  twice  its  volume  ol 
ether.     Next  insert  the  tube  in  a  vessel  containing  hot  water;   th< 
ethereal  solution  accumulates  at  the  top  of  the  fluid  in  the  tube,  an( 
when  it  evaporates  leaves  a  layer  of  butter  behind. 

Or  take  a  long  graduated  tube  closed  at  one  end  and  fill  it  one 

fourth  with  milk,  one-fourth  with  ether,  and  another  one-fourth  witl^ 
spirit  (about  86  per  cent.);  cork  it,  and  having  shaken  it  well  leave  tlk 
tube  inverted  for  some  time  at  a  temperature  of  about  40°  until 
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oily  layer  has  formed  and  appears  not  to  increase.     By  this  means  a 
better  estimate  can  be  formed  as  to  the  amount  of  butter  present. 

5.  Separation  of  the  Globules  hy  Filtration  and  Detection  of  Al- 
bumen in  the  Clear  Filtrate. — By  means  of  a  reduced  pressure  filter 
milk  through  porcelain  (p.  41);  the  globules  will  be  stopped  and  a 
clear  fluid  will  pass  through  containing  albumen.  Show  this  by  test- 
ing the  clear  filtrate  successively  by  boiling  it  and  by  the  addition  of 
nitric  acid. 

6.  To  Detect  the  Sugar. — Warm  some  milk,  after  the  addition  of  a 
few  drops  of  acetic  or  hydrochloric  acid,  to  40° ;  filter  after  some  time 
through  a  moist  plaited  filter;  shake  the  filtrate  with  ether,  to  separate 
the  fat  completely ;  then  boil  it  to  coagulate  the  dissolved  albumen ; 
filter,  and  evaporate  the  filtrate  to  a  thick  syrupy  consistence,  when  the 
lactose  will  be  gradually  deposited  ia  a  crystalline  form. 

7.  Tincture  of  guaiacum  added  to  a  drop  of /r^«A  milk  in  a  w^atch 

5 lass  produces  an  intense  blue  coloration  at  once  or  after  a  few  seconds. 
_Iilk  that  has  been  boiled  remains  uncolored. 

n.  Quantitatiye. 

1.  The  Solids. — (j)  To  10  grams  dry  sand  or  powdered  gypsum  add  5 
CO.  milk,  then  dry  the  mixture  for  a  long  time  at  100°  until  the  weight  is 
constant.  The  increase  in  weight  is  equal  to  the  solids  in  5  c.c.  milk.  Sup- 
pose this  to  be  =  0*5  gram,  then  100  c.c.  milk  contain  10  grams,  or  10  per 
cent,  solids  (Baumhauer). 

Instead  of  5  c.c.  10  grams  of  milk  and  20  grams  of  dry  sea  sand  may  be 
weighed  in  a  tared  capsule  of  about  50  c.c.  and  evaporated  at  100°  till  the 
weight  is  constant.  When  quite  cold  the  capsule,  with  its  contents,  is  weighed 
in  a  desiccator  over  sulphuric  acid. 

(ij)  Place  a  little  milk  in  a  platinum  capsule,  and  having  weighed  it,  add  a 
few  drops  of  alcohol  or  acetic  acid;  evaporate  over  a  water  bath,  dividing  the 
coagulum  against  the  sides  of  the  dish,  and  dry  it  at  100°  to  110°  until  the 
weight  is  constant.  It  is  generally  completed  in  six  hours  (Gerber).  Cover 
carefully  before  weighing,  as  the  residue  is  very  hygroscopic. 

The  total  solids  should  not,  as  a  rule,  be  much  less  than  11 '5  per  cent.; 
cow's  milk,  for  example,  varies  between  105  and  15  per  cent.;  less  than  this 
indicates  dilution. 

2.  The  Butter. — (j)  Shake  the  milk  well,  and  to  20  c.c.  of  it  add  20  c.c. 
of  a  10  per  cent,  caustic  potash  solution,  and  then  some  ether  (60  to  100  c.c), 
and  agitate  vigorously  for  some  time ;  on  standing  the  ethereal  solution  of  the 
liberated  fat  rises  to  the  surface,  and  is  to  be  carefully  decanted  into  a  weighed 
porcelain  dish.  Some  more  ether  is  to  be  added  to  the  alkaline  milk,  and  after 
vigorous  agitation  it  also  is  to  be  transferred  as  before  to  the  capsule.  The 
same  process  may  be  repeated  several  times  if  necessary.  The  ethereal  extract 
is  now  evaporated  over  a  water  bath,  and  after  having  been  dried  in  an  air  bath 
at  110°  the  weight  of  the  residue  is  to  be  ascertained;  this  multiplied  by  5 
gives  the  percentage.  With  cow's  milk  it  varies  between  2  and  5  per  cent., 
but  the  normal  minimum  for  fats  is  about  2*75  (Cameron). 

(ij)  An  approximative  determination  may  also  be  made  by  means  of  a 
graduated  narrow  glass  cylinder  or  lactometer  divided  into  100  degrees  from 
above  downwards.  The  milk,  well  shaken,  is  poured  into  this  vessel  until  it 
stands  at  0°  ;  the  whole  is  then  laid  aside  for  24  hours  at  a  temperature  of  10° 
to  12°.     The  cream  rises  to  the  surface  and  forms  a  layer,  the  thickness  of 
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■which  is  to  be  read  off  at  the  end  of  this  time.     Good  milk  should  yield  from 
10  to  15  per  cent,  of  cream. 

(iij)  Determination  by  the  Optical  Method. — Both  the  following  processes 
are  founded  on  the  determination  of  the  degree  of  opacity  of  nulk,  which 
■depends  on  the  number  of  globules  present. 

(a)  With  the  galactoscope  o/*  Donne  the  light  of  a  candle  is  examined  in  a 
•dark  room  through  a  variable  length  of  column  of  milk  until  the  light  is 
occluded,  and  from  the  length  of  column  at  which  this  occurs  the  richness  of 
the  milk  in  corpuscles  is  estimat<}d. 

(6)  VociEL  8  milk  test  consists  in  the  addition  of  small  measured  portions 
of  milk  to  lOO  c.c.  of  water,  until  a  portion  of  the  mixture  transferred  to  a 
glass  test  vessel  with  parallel  walls  0*5  cm.  apart  renders  it  opaque  to  light. 

23-2 

The  percentage  of  fat  is  obtained  by  the  formula  x  =  ^  —  -}-  0*23;  n  being  the 

n 

number  of  c.c.  of  milk  required  to  produce  the  opacity. 

A  cylindric^al  bottle  is  used  in  which  to  mix  the  milk  and  water.  100  c.c. 
of  water  is  first  placed  in  this  bottle,  and  then  by  means  of  a  finely  graduated 
pipette  3  c.c.  of  milk  added,  and  the  two  shaken  together.  The  glass  test 
vessel  is  then  filled  with  the  mixture  and  placed  in  a  darkened  room,  about  a 
metre  in  front  of  a  stearin  candle.  If  the  image  of  the  flame  can  be  seen 
through  the  layer  of  liquid,  then  return  it  to  the  bottle  and  add  0*5  c.c  more 
milk  to  it ;  shake  the  bottle  and  repeat  the  experiment.  This  is  to  be  continued 
until  the  outlines  of  the  flame  can  no  longer  be  seen  through  the  layer  of  fluid 
in  the  test  vessel. 

6  c.c.  pure  cow's  milk  forms  a  mixture  with  100  c.c.  water  which  completely 
obscures  the  flame  of  a  candle  in  a  darkened  room.     When  more  milk  than 
this  is  required  dilution  with  water  is  indicated:  thus  when  12  c.c.  are  needed 
50  per  cent,  too  much  water  is  present  in  the  milk,  and  when  8  c.c.  about  3U   ^ 
per  cent. 

3.    The  Casein  and  Albumen. — j,  (a)  Dilute  20  c.c.  milk  with  4O0  c.c 

w^ater  and  treat  the  mixture  with  very  dilute  acetic  acid  added  Jrop  by  dro^ 
until  a  flocodent  precipitate  begins  to  appear.  Now  pass  a  current  of  carbonicnj:^  -t* 
acid  gas  through  the  fluid  for  15  to  30  minutes,  and  lay  aside  for  one  or  twoc:^  "O 
days.  Collect  the  precipitiited  casein  on  a  weighed  filter,  wash  it  with  spirits  -^^t 
and  then  with  ether  until  a  drop  of  the  washings  leaves  no  fatty  stain  on  paper  r  — i 
dry  at  100°  and  weigh.  Subtract  the  weight  of  the  filter,  and  the  differeuoe:=^  '^^ 
multiplied  by  5  giv(?s  the  percentage  of  casein. 

In  the  cjuse  of  human  milk  precipitate  the  casein  by  saturating  with  mag 
nesic  sulphate. 

(b)  The  filtrate  from  the  casein  precipitate  is  to  be  concentrated  to  a  smalL 
bulk  over  a  water  bath,  and  an  acetic  acid  tannin  solution  added  so  long  as  aii^ 
precipitation  occurs  ;  and  after  the  precipitate  has  settled  collect  it  on  a  weight- 
filter,  where  it  is  to  be  washed  with  dilute  spirit  until  the  filtrate  gives  no  blu^  — ^ 
coloration  with  ferric  chloride  (indicating  absence  of  timnin) ;  dry  now  at  10U~ 
and  weigh.     The  weight  multiplied  by  5  gives  the  percentage  of  albumen. 

In  cow's  milk  the  casein  varies  between  3*3  and  G  per  cent.,  and  the  othe 
albumens  from  03  to  0*4  ])er  cent.     In  diseased  milk  the  casein  may  be 
low  as  02  per  cent,  and  the  other  albumens  as  high  as  10  per  cent. 

ij.  (a)   10  c.c.  milk  is  diluted  with  100  c.c.  distilled  water  and  well  mix 
a  copper  solution  made  by  dissolving  ()3-5  grams  cupric  sulphate  in  1  litre  •J^f 
water  is  then  added  slowly  with  stirring  until  the  coagulum  begins  to  sett  ^«» 
quickly.     The  whole  mixture,  together  with  half  the  cupric  sulphate  solutiox? 
already  employed,  is  then  added  to  some  potash  solution  (50  grams  pota^*! 
to  the  litre),  and  after  a  short  interval  the  clear  fluid  is  filtered  off  through  b 
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filter  dried  at  110^;  the  precipitate  is  washed  until  the  washings  amount  to 
250  CO.,  and  the  sugar  is  to  be  estimated  in  this  subsequently. 

(6)  The  eoagulum  on  the  filter  is  next. treated  with  absolute  alcohol,  slowly 
dried,  and  extracted  with  ether ;  the  ethereal  and  alcoholic  extracts  are  then  to 
be  distilled,  and  the  fatty  residue  dried  and  weighed.  The  eoagulum,  after 
having  been  dried  at  125°,  is  weighed,  then  ignited,  the  ash  deducted,  and  the 
difference  taken  as  pure  albuminoid  (Ritthausen). 

4.  The  Sugar, — (j)  Take  25  grams  of  milk,  acidify  with  hydrochloric 
acid,  boil,  and  filter,  washing  the  eoagulum  with  water;  and  to  convert  the 
milk  sugar  into  glucose  boil  the  filtrate  and  washings  for  an  hour  or  so  in  a 
flask  to  the  mouth  of  which  a  long  tube  has  been  attached.  When  the  liquid 
cools  make  its  volume  up  to  200  c.c,  and  determine  the  sugar  by  Fehling's 
method  (p.  87),  measuring  20  c.c.  Fehling's  solution  into  a  flask,  diluting  with 
80  c.c.  water,  and  to  the  boiling  mixture  adding  the  diluted  filtrate  &om  a 
Mohr's  burette  until  the  copper  is  entirely  reduced. 

(ij)  This  sugar  determination  may  be  readily  effected  by  the  polariscope. 
Measure  40  c.c.  milk  into  a  flask  of  100  c.c.  capacity,  add  some  carbonate  of 
soda  if  the  milk  is  not  alkaline,  and  then  20  c.c.  moderately  concentrated 
solution  of  neutral  acetate  of  lead,  and  shake  well ;  having  next  fitted  the  neck 
of  the  flask  to  a  long  glass  tube  or  to  the  condenser  of  a  Liebig's  still,  boil  it 
over  a  small  flame;  then  filter  and  test  the  filtrate  with  the  polariscope  (p.  85). 
With  a  1 -decimetre  tube  the  percentage  of  sugar  is  obtained  by  multiplying 
the  rotation  by  1-44. 


BOOK  IV. 

EXCRETA :   THE  PiECES  AND  URINE. 


CHAPTER  I. 

THE  FJECE8, 

In   the  faeces   are  contained   the   undigested   parts   of  the   food 
swallowed,  as  well  as  the  different  excreta  of  the  bile  and  intestinal 
secretions;  and  accordingly  its  composition  will  vary  very  much  ac- 
cording to  the  nature  of  the  diet.     The  color  of  the  faeces  also  varies, 
being  due  to  the  more  or  less  altered  biliary  pigments,  but  depending 
largely  on  the  nature  of  the  food,  having  a  dark  brown  color  with  an. 
exclusive  meat  diet,  a  yellowish  brown  with  a  mixed  diet,  and  a  yellow 
with  a  milk  diet.     In  diarrhoea  the  faeces  are  generally  light  in  color^ 
and  in  jaundice  they  may  be  quite  colorless.     The  Bmell  depends- 
largely  on  the  indol  and  skatol,  and  to  a  less  degree  on  the  valeriani 
and  butyric  acids  and  the  sulphuretted  hydrogen  present.      The  re 
action  is  neutral  or  alkaline,  though  occasionally  acid,  but  it  depend 
greatly  on  the  character  of  the  food:  with  an  exclusively  meat  die 
the  acid  reaction  continues  longer  in  the  small  intestine  than  with 
vegetable  diet  (Bert). 

Amount, — In  man  the  fiBces  form  ^  to  ^  of  the  fresh  solid  foods= .s 

ingested,  averaging  about  5 J  oz.  (Liebig);  or  the  dried  faeces  with 
nitrogenous  diet,  about  iV  *^  iV  ^^  ^^^  ^^^^  calculated  in  the  dry  stat< 
but  about  \  to  j^  with  a  bread  diet  (BisciiOPF  and  VoiT  with  dogsjCLl  )• 
The  quicker  the  food  passes  through  the  intestine  the  greater  is  th  -«e 
absolute  amount  of  fieces. 

Chemical  Composition. 

General  (hmponents.     1.  Parts  of  the  Ingesta. — (a)  Solids  17*4  to  31-  " 

per  cent,  and  water  G8  to  82  per  cent. 

(It)  Salts. — Chiefly  soluble  salts  of  the  alkaline  earths ;  but  in  diarrhoetsi-^^S' 
etc.,  also  salts  of  the  alkalies.  When  the  reaction  is  alkaline  or  neutral  tripfc-  ^ 
phosphate  is  constantly  present. 

(c)  Portions  of  food  (1)  undigested,  either  from  being  in  excess,  as  in  X\m^  < 
case  of  starches,  fatty  bodies,  and  cru(Je  albumens  ;  (2)  imperfectly/  digested  rz^  r 
absorbed^  as  fatty  emulsions  or  fatty  acids,  leucin,  ty rosin,  etc.,  and  occasional W^^ 
traces  of  albumen   (these  are  much  increased  in  diarrhoea) ;  (3)  difficult  ^zi^ 
digest  ion  J  as  crude  starches,  tendons,  elastic  tissue,  earthy  phosphates,  trij>I<? 
phosphates,  etc. ;   and   (4)   non-assimilable,  as   cellulose,  chlorophyll,   guiiiS, 
resins,  epitheliums,  and  insoluble  salts. 

2.    Excreta  of  the  Biliary  or  Intestinal  Secretions,  as  mucus,  part  of  the 
glycocholic  acid,   and  the  decomposition  products  of  part  of  the  taurochoHc 
acid,  i\s  tiiurin,  cholic  acid,  and  dyslysin  ;  together  with  the  biliary  pigments; 
hydrobilirubin  or  stercobilin,  and  biliverdin,  cholesterin  or  its  derivative  (?j 
stercorin  (Flint),  and  epithelial  cells,  etc. 
(320) 
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3.  Certain  Decomposition  Products,  some  of  doubtful  origin,  but  more  or 
less  characteristic  of  the  faeces,  as  excretin,  indol,  skatol,  napbtbylamine,  and 
excretolic  acid ;  also  some  of  the  higher  fatty  acids,  as  well  as  acetic,  yalerianic, 
isobutjric,  and  lactic  acids,  partly  free,  but  in  great  part  generally  combined 
with  ammonia  or  other  bases.  Dry  distillation  of  the  faeces  furnishes  much 
ammonia  and  a  trace  of  trimethylamin. 

I.  Analysis  of  the  Fstces — with  a  bread  and  animal  diet  (Bkrzelius). 

Water 753 

Parts  soluble  in  water 5*7 

Bile 0-9 

Albumen     .    .    .    .    • 0*9 

Extractives. 27 

Salts 1-2 

Insoluble  constitnentB 21*0 

Undigested  food 70 

Mucus,  fat,  etc 14*0 

n.  Ditto  (Wehsarq). 

Fluids ' 68-3  to  82*6 

Solids 31*7  "  17*4 

Ether  extractives 11*5 

Alcoholic    "         15*6 

Watery        "         20*0 


III.  Inorganic  Constituents  (Endbrlin). 

Earthy  phosphates 80*37 

Silica 7*94 

Calcic  sulphate 4*53 

Sodic  phosphate 2*63 

Ferric        '^             209 

Sodic  chloride  and  sulphate 1*37 

These  vary  from  16  to  57  grams  (4  to  14}  drams)  in  the  24  hours. 

IV.  Ultimate  Percentage  Composition  with  a  Meat  and  a  Bread 
Diet. 


C 
H     . 

N  . 
O  . 
Salts 


Meat  diet. 

51*95 

7*18 

14*11 

21*37 

5-39 


43*49 

6*47 

6*50 

13-58 

3001 


Bread  diet 


Fteces. 


45*41 
6*45 
2*39 

41*63 
412 


47-39 
6*59 
292 

3608 
702 


V.  The  loss  by  the  faeces  in  carbonic  acid  and  nitrogen  varies  very 
considerably  according  to  the  food  taken,  thus  (Rubner)  : — 


White  bread 
Rice  .  .  . 
Potatoes .     . 


Carbohy- 
drates in  the 
food. 


391  to  670 
493 

718 


Loss  perceDt.i 
of  carbonic    '■■ 
acid  in  the    ' 
fieces. 


xT{4-«,«»„  x„   \IjOS8  per  cent. 

he  Cd         «^  "^^'^^^^ 
tne  looa.     ,  j^  ^^le  faeces. 


1*4  to  0*8 
0-9 
7-6 


Beef  .     .    . 
Milk.     .     . 
White  bread 
Rice  .    .     . 
Potatoes 


400  to  48*8|  2-5  to     2*7 
12*9  "    25*8'  6-5  "    120 
7-7  "    130 18*7  "    25*7 
8-4  251 

11*4  32*2 


21 
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VI.  Fermentation  changes,  some  of  which  are  closely  allied  to  de- 
composition processes,  undoubtedly  occur  in  the  intestine,  as  proved  by 
the  presence  of  free  hydrogen ;  we  find  even  that  chyme  removed  from 
the  body,  but  maintained  at  the  normal  temperature,  continues  to 
evolve  both  carbonic  acid  gas  and  hydrogen. 

As  will  be  seen  by  the  following  table,  the  nature  of  the  diet  af- 
fects the  composition  of  the  gases. 

(a)  Small  Intestine  (Planeu). 


Breai 
Per 

idiel 

L 

1 
Leguminous  diet. 

Meat  diet. 

1 

1 

cent. 

Per  cent. 

Per  cent. 

CX)2 

•         • 

38-8 

47-3 

401 

Na    . 

• 

54-2 

40 

45-5 

XI2   • 

,         , 

6-3 

487 

1 

139 

0,  . 

1 

• 

07 

00 

0-5 

(6)  Large 

Intestine  (Plankb). 



With  moat  c 

liet.     Leg 

'uminoufi 

idiet. , 

Per  cent. 

Per  cent 

t-. 

CO, 

•         •         • 

74-2 

651 

H, 

•                   • 

1-4 

2-9 

H,S 

•         •         • 

0-8 

N, 

•         •         • 

23-6 

(KUGE. 

5-9 

' 

diet 

) 
uiniuoust 

Milk 

IXig 

liet. 

— 

Meat  diet. 

Per  cent. 

Per  (rent. 

Per  cent. 

CO,   . 

•         • 

16-8 

210 

8-4 

N.,      . 

.     . 

383 

18-9 

64-4 

CH4  . 

,         , 

09 

55-9 

26-4 

H,     . 

43-3 

40 

07 

SH2  . 

• 

tra 

ces 

A  small  part  of  the  carbonic  acid,  and  possibly  the  chief  part  of  the 
nitrogen,  come  from  the  swallowed  air,  the  rest  of  the  nitrogen  being  derived 
probably  from  the  blood  or  from  the  splitting  up  of  some  of  the  protcidS' 
Ilydrogen  is  evolved  in  the  butyric  acid  fermentation,  and  most  likely  also  itt 
some  of  the  ])roteid  decompositions  occurring  in  the  intestine.  Carburetted 
hydrogen  has  never  been  found  in  the  intestinal  gases  of  dogs  or  cats  by 

HOFMANN. 

The  vieconium,  or  the  contents  of  the  intestine  of  the  new-born  child, 
forms  a  dark  greenish  brown,  or  almost  black,  viscid  mass,  generally  with  an 
acid  reaction ;  it  contains  biliary  acids  more  or  less  altered,  bilirubin,  biliverdinj 
cholesterin,  and  mucus;  sulphates  also  are  abundant,  and  calcic  and  magnetic 
phosphates,  oxide  of  iron,  and  sodic  chloride.  White  cells,  generally  green- 
stained,  cylindrical  epithelial  cells,  intermixed  with  fatty  drops  and  cholest4jnn 
crystals,  are  likewise  to  be  seen  under  the  microscope.  On  analysis  it  yields 
about  20  to  27  per  cent,  solids,  1  per  cent,  ash,  |  per  cent,  fats,  and  f  p^^ 
cholesterin  (ZwEiFEi.). 

INDOL,    C.H.N  or  C,H,^'j^  CU.— This  body  belongs  to  the  aromatic 

series,  and  is  one  of  the  products  of  the  putrefaction  of  albumen.     It  is  sol- 
uble in  boiling  water  and  easily  soluble  in  alcohol  and  ether.     Formed  in  the 


THE   FJSOES.  323 

small  intestine,  it  is  in  part  excreted  in  the  faeces,  but  part  is  absorbed  and 
appears  in  an  oxidized  form  in  the  urine  as  indoxylsulphuric  acid  or  indican 
(C,H,NSO.). 

PreparatLoiL — Place  in  a  large  flask  300  grams  albumen  with  4*5  litres 
of  water;  add  to  this  300  grams  finely  divided  ox  pancreas,  and  digest  the 
whole  over  a  water  bath  at  40°  to  45°  for  70  hours  continuously.  Then  strain 
through  linen,  acidify  with  acetic  acid,  and  distil  in  a  tubulated  retort  over  a 
sand  bath  to  one-fourth  the  volume  of  the  liquid.  The  filtered  distillate  is 
next  to  be  rendered  alkaline  with  liquor  potassae  and  well  shaken  with  its  own 
volume  of  ether,  and  the  ether  decanted.  On  distilling  the  ethereal  extract 
an  oily  substance  remains  behind,  to  which  a  little  water  is  to  be  added ;  it  is 
then  boiled  and  allowed  to  crystallize. 

Properties. — It  forms  large,  pearly,  colorless  crystals,  soluble  in  boiling 
water  and  in  alcohol  and  ether.  The  dilute  solution  on  the  addition  of  chro- 
mic acid  gives  a  voluminous,  dark  violet  brown  precipitate  which  is  insoluble 
in  ether,  chloroform,  and  benzol,  but  easily  soluble  in  hydrochloric  acid,  forming 
a  violet  solution.  If  to  a  solution  of  indol  in  benzol  picric  acid  is  added, 
needles  of  indol  picrate  are  formed.  Under  the  action  of  ozone  a  portion  is 
converted  into  indigo  blue. 

SKATOL  is  a  constant  constituent  of  the  faf3ces  (Brieqer),  and  appears 
as  a  putrefaction  product  of  albumen.  It  can  be  obtained  by  extracting  fresh 
faeces  with  the  third  of  its  weight  of  water,  acidifying  with  acetic  acid  (30 
grams  to  each  kilo,  of  faeces),  and  distilling  off  most  of  the  added  water. 
This  distillate  is  heated  with  sodic  carbonate  and  well  shaken  with  ether;  the 
ethereal  extract  is  evaporated  and  the  residue  boiled  in  some  water.  From  the 
hot  filtrate  almost  pure  skatol  crystallizes  out  in  delicate  plates  that  have  a 
well-marked  faecal  odor. 

Treated  with  a  drop  of  hot,  fuming  nitric  acid,  it  gives  no  red  precipitate 
like  indol,  but  a  whitish  cloudy  one;  and  from  its  hydrochloric  acid  solution  it 
is  thrown  down  by  the  addition  of  picric  acid  in  the  form  of  red  needles. 

EXCRETIN,  CjoH^gO  (HiNTERBEROEa),  is  a  cholesterin-like  body  that 
exists  in  faeces  in  very  small  amount. 

It  in  prepared  by  exhausting  fresh  ffeces  with  boiling  alcohol  (90  per 
cent.),  filtering  after  a  week,  and  precipitating  the  filtrate  with  milk  of  lime. 
The  precipitate  is  dried  and  exhausted  with  a  hot  mixture  of  alcohol  and  ether; 
the  extract  after  several  days,  deposits  yellow  crystalline  needles  of  excretin, 
which  can  be  purified  by  recrystiillizing  them  from  alcohol  (95  per  cent.) 

Fatholognr* — Different  abnormal  constituents  may  be  met  with  in  the 
fjaeces,  chiefly  abnormal,  however,  from  being  in  excess. 

Albumen  and  mucus  occur  in  the  evacuations  of  cholera,  typhoid  fever, 
and  dysentery,  the  mucus  increasing  particularly  in  catarrh  of  the  intestinal 
tract  and  in  haemorrhagic  affections. 

Bde  may  be  absent  in  jaundice,  ete.,  causing  the  faeces  to  have  a  light 
color;  or  it  may  be  present  in  excess,  and  more  or  less  unaltered,  as  in  some 
forms  of  diarrhoea. 

Blood  and  pus  appear  in  dysentery,  and  occasionally  in  typhoid  fever  and 
cholera. 

Epithelium  is  greatly  increased  in  the  evacuations  of  cholera  and  dysentery. 

I^ats  show  themselves  in  disease  of  the  pancreas,  obstruction  to  the  flow  of 
bile,  and  in  different  cachexias,  as  phthisis,  etc. 

Leucin  and  tyrosin  can  be  detected  in  cholera  evacuations. 

The  salti  are  increased  in  intestinal  fluxes  of  different  kinds. 
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Urea  and  alloxan  are  abundant  in  intestinal  catarrh,  uraemia,  and  some  of 
the  eruptive  fevers.  The  urea,  unless  rapidly  discharged,  is  decompoeed  into 
ammonio  carbonate. 

Microphytes^  such  as  vibrios,  zooglea,  sarcinae,  etc.,  are  met  with  in  different 
morbid  conditions. 

The  administration  of  calomel  and  certain  ferruginous  mineral  waters  may 
render  the  fasces  of  a  green  color ;  the  faeces  may  likewise  assume  a  black  tint 
from  the  presence  of  altered  blood  or  under  the  influence  of  salts  of  iron. 

Intestinal  concretions  are  occasionally  met  with,  particularly  in  the  colon  of 
herbivora,  rarely,  however,  of  man.  In  horses  they  often  attain  a  large  size. 
They  consist  generally  in  great  part  of  earthy  phosphates,  but  sometimes  chiefly 
of  fatty  matters,  and  occasionally  of  insoluble  animal  matters,  as  hairs,  or  of 
vegetable  fibres.  The  term  bezoar  has  been  applied  to  these  intestinal  concre- 
tions. In  some  animals  two  of  the  components  are  peculiar,  and  have  been 
described  as  litliofellic  (C^H3^0^)  and  hezoardic  (C,^HgOg+2H,0)  acids,  the 
latter  being  a  tannin  derivative.  A  concretion  from  a  horse  had  this  compo- 
sition : — 

Per  cent. 

Triple  phosphate 90*0 

Organic  constituents 3*2 

Silica 5*2 

Earthy  salts 4*2 

Oxide  of  iron 1*0 

Sodic  chloride 0*5 

Sulphuric  acid 0*5 

Soda 0*4 

Lime 0*2 

Phosphoric  acid 0*2 

Scf/bnht  consists  of  masses  of  mucus  mixed  with  excrement  and  formiDg 
nodosities. 


CHAPTER  11. 

THE  URINE. 

General  Characters.— Xorinal  urine  has  a  pale  straw  yellow  or  amber 
tint,  and  is  acid,  elear,  and  limpid  wlien  passed,  but  after  some  tiuie 
deposits  tnices  of  nuieus  mixed  witli  ej)itlielial  cells  (the  muvous  cloud)'; 
its  temperature  after  emission  varies  ]>etween  ?>i^^  and  87°,  thisof  coun^c 
depending  on  the  temj)eratiire  of  the  body,  as  in  such  diseases  Jis  scar- 
latina and  the  cold  sta<ie  of  intermittent  fever  it  is  much  above  th^ 
normal.  When  shaken  a  sli<xht  foam  f(U'ms  on  the  surface,  but  this 
(piickly  disappears  unless  nuich  sugar  ov  albumen  is  present,  when  the 
foam  is  more  permanent.  After  some  -4  hours  or  so  there  is  often  a 
dej)osit  containing  uric  acid,  ])artly  in  an  amorphous  and  partly  in  * 
crvstalline  form,  and  sometimes  also  crvstals  of  oxalate  of  lime,  etc. 

A.  Reaction. — This  is  normally  acid,  though  some  urines  show  what  ^ 
termed  the  amphoteric  reaction,  giving  both  the  acid  and  alkaline  reactions  to 
test  pa])er,  owing  probably  to  the  presence  of  acid  phosphate  of  soda;  but  the 
acidity  diminishes  after  the  urine  has  stood  some  considerable  time,  although  a 
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temporaiy  increase  in  the  acidity  first  occurs — the  so-called  acid  femien- 
tcUion  of  ScHEREB.  A  neutral  or  amphoteric  and  then  an  alkaline  stage 
is  reached  after  some  days  or  even  weeks  have  passed  (alkaline  fermentation), 
when  the  urine  loses  its  transparency,  acquires  an  ammoniacal  odor,  and  a 
deposit  occurs  of  triple  phosphate  (MgNH^PO^  +  6HjO)and  urate  of -ammonia 
[C5H,(NH^)jN^03],  together  with  bacteria  in  great  numbers,  its  surface  also 
being  covered  with  an  iridescent  film  in  which  lie  crystals  of  triple  phosphate. 
During  this  stage  part  of  the  urea  decomposes  into  ammonic  carbonate,  some  of 
which  combines  with  uric  acid  and  some  taking  part  in  the  formation  of  triple 
phosphate.  This  fermentation  change  in  the  urine  depends,  no  doubt,  in  part 
on  the  presence  of  bacteria  together  with  much  mucus.  Accordingly,  if  urine 
has  to  be  kept  some  time  before  being  examined  it  is  advisable  to  preserve  it  in 
well-stoppered  clean  bottles,  and  some  advise  also  the  addition  of  a  little  salicylic 
acid,  thymol,  or  hydrochloric  acid.  The  presence,  however,  of  cystin  or  of  much 
pus  or  mucus  induces  rapid  fermentation. 

The  temporary  increase  in  the  acidity,  according  to  Rohmann,  occurs  only 
in  exceptional  cases,  depending  then  probably  on  the  presence  of  sugar,  alcohol, 
or  other  bodies  yielding  acids  by  fermentation. 

The  aciditt/,  according  to  Liebio,  is  due  to  the  presence  of  the  acid  phos- 
phates of  soda  and  potash  (NaH^PO^  and  KH^PO^);  probably  also  the  acidity 
may  be  due  in  part  to  the  acid  urates  and  to  the  free  carbonic,  uric,  and 
hippuric  acids  present  (Byasson),  although  little  or  no  free  acid  can  be  de- 
tected by  sodic  hyposulphite. 

Sometimes  after  a  large  meal  the  acid  reaction  of  the  urine  is  lessened,  and 
it  may  even  become  distinctly  alkaline.  The  reaction,  indeed,  is  closely  related 
to  the  digestion  of  food  (Bence  Jones),  an  alkaline  tide,  as  Dr.  Roberts 
terms  it,  setting  in  after  meals,  whether  of  animal  or  vegetable  food,  appearing 
sooner  after  breakfast  than  dinner,  but  not  being  so  intense  nor  lasting  so  long 
as  after  the  latter  meal.  In  the  third  and  fourth  hour  after  dinner  the  reaction 
is  generally  alkaline,  and  the  urine  is  rich  in  alkaline  and  earthy  phosphates. 
But  the  ultimate  effect  of  food,  particularly  animal  food,  is  temporarily  to 
increase  the  acidity.  To  detect  the  alterations  in  the  acidity  the  urine  should 
be  voided  at  ft'equent  intervals  aft^r  the  meals  and  tested  at  once.  The  change 
in  the  reaction  is  probably  due  to  the  abundant  formation  of  hydrochloric  acid 
in  the  stomach  during  digestion,  and  to  the  entrance  of  the  alkaline  bases  of 
the  food  into  the  blood  at  the  same  time.  In  the  formation  of  the  acid,  basic 
sodic  phosphate  is  formed, 

NaCl  -f  Na^HPO,  =  HCl  +  Na^PO,, 

which  is  eliminated  by  the  kidneys,  rendering  the  urine  neutral  or  alkaline. 

The  maximvm  of  acidity  is  during  the  night.  In  new-born  children  the 
urine  has  normally  a  neutral,  or  exceptionally  a  weakly  acid  reaction.  Alkaline 
urine  is  generally  clear  when  emitted,  but  it  soon  becomes  covered  with  a  pellicle 
containing  crystals  of  calcic  phosphate,  and  triple  phosphate  crystals  are  abun- 
dant in  the  deposit. 

VoGEL  regards  the  amount  of  acidity  of  the  total  urine  of  the  24  hours 
as  equivalent  to  2  to  4  grams  of  oxalic  acid,  Krrner  as  equivalent  to  1*949 
eram.  The  mean  total  acidity  would  be  neutralized  by  1*5  gram  sodic  hydrate 
(Rater). 

The  urine  of  camivora  is  generally  clear,  and  strongly  acid  and  of  high 
specific  gravity,  while  that  of  herbivora  is  alkaline,  of  low  specific  gravity,  and 
often  turbid  ft-om  the  presence  of  phosphates  and  carbonates. 

The  degree  of  acidity,  we  have  seen,  varies  somewhat  with  the  digestion. 
With  a  flesh  diet  it  is  very  acid,  during  starvation  only  weakly  so.     Strong 
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muscular  exercise  increases  it  (KLt)PPEL),  as  also  the  administration  of  mineral 
acids.  In  febrile  conditions  an  increased  acidity  occurs,  particularly  at  the 
beginning  of  such  severe  fevers  as  typhus  and  rheumatism,  the  total  volume  of 
the  urine,  however,  being  diminished  at  the  same  time;  also  afler  asthmatic 
attacks  in  emphysema,  and  in  pneumonia  and  pleurisy.  The  urine  is  alkaline, 
or  less  acid,  after  the  use  of  hot  baths  or  of  prolonged  cold  baths  (Duriau); 
after  profuse  acid  sweating ;  after  the  copious  ingestion  of  vegetable  acids  or 
their  salts,  as  alkaline  carbonates,  tartrates,  etc.,  in  vegetable  food ;  in  decom- 
position of  urine  in  the  bladder  from  retention  occurring  in  old-standing  disease 
of  that  organ ;  occasionally  in  nervous  debility,  io  some  forms  of  cerebral  dis- 
turbance, chlorosis,  anaemia,  general  debility,  abundant  acid  vomiting,  and  in 
certain  anaemic  conditions  occurring  in  the  beginning  of  convalesence  after 
many  diseases.  In  these  last  the  alkalinity  is  due  to  a  fixed  alkali,  and  may  be 
associated  with  a  deposit  of  amorphous  phosphate  of  lime.  But  the  urine  may 
be  alkaline  from  the  presence  of  ammoniacal  salts,  as  in  the  more  or  less  decom- 
posed urines  occurring  in  pyelitis  and  cystitis,  or  where  there  is  a  tendency  to 
retention  of  the  urine,  as  in  paraplegia,  foreign  bodies  or  new  growths  in  the 
bladder,  stricture  or  obstruction  of  the  urethra,  etc.  As  a  general  rule  the 
urine  is  not  alkaline  when  secreted,  but  becomes  alkaline  in  the  bladder  as  the 
result  of  a  decomposition  of  its  urea.  Such  urine  always  deposits  a  sediment, 
generally  of  phosphate  of  lime  and  triple  phosphate,  and  its  odor  is  ammoniacal 
and  often  offensive. 

It  is  easier  to  render  the  urine  alkaline  than  to  increase  its  acidity. 

To  Estimate  the  Acidity. — This  can  be  effected  approximately  by  titrating 
the  urine  with  a  normal  solution  of  caustic  soda,  which  is  prepared  by  dissolv- 
ing the  equivalent  weij^ht  in  grams  (NaHO  =  40)  of  this  body  in  a  litre  of 
water;  accordingly  each  c.c.  =  40  milligrams  or  004  gram.  In  the  same  way 
a  normal  solution  of  oxalic  acid  (C^H.^O^  +  211^0  =  126)  will  contain  63 
grams  in  the  litre — that  is,  half  the  equivalent,  as  the  acid  is  dibasic. 

As  wo  cannot  prepare  the  caustic  soda  solution  directly  by  weighing,  owing 
to  the  varying  amount  of  water  present  in  it,  we  have  recourse  to  titrating  a 
solution  of  it  by  means  of  a  standard  normal  solution  of  such  an  acid  tis  the 
oxalic.  The  latter  is  first  prepared  by  dissolving  63  grams  of  pure,  well 
crystallized,  and  thoroughly  air-dried  oxalic  acid  in  1,000  c.c.  wat^r.  The  150 
to  155  grams  NaHO  are  woiij;hcd  and  dissolved  in  about  1,050  c.c.  water  and 
well  shaken  up.  The  indicator  has  next  to  be  got  ready.  A  solution  of  litmus 
can  be  employed  for  this  j)urpose,  but  a  solution  of  cochineal  or  of  rosolic  acid 
acts  bettor.  The  rosolic  acid  is  added  to  alcohol  until  a  strong  orange  solution 
is  obtained;  a  couple  of  drops  of  this  is  added  to  the  solution  to  be  titrated. 
The  cochiuad  wlution  is  prepared  by  digesting  3  grams  powdered  cochineal  in 
250  c.c.  of  a  mixture  of  water  (4)  and  alcohol  (1).  Its  natural  color  is  yel- 
lowish red,  and  it  is  rendered  violet  by  alkalies  and  restored  to  its  original 
color  by  acids. 

1.   Prt'pa ration  of  the  Nonntd  Caustic  Soda. — 10   c.c.   of   the    normal 

oxalic  acid  solution  are  jilaced  in  a  small  beaker,  a  ft^w  drops  of  the  rosolic 

acid  poured  in,  and   then  the  eaustie  soda  slowly  added   from   a  graduatiKl 

burette  until   the   yellow  jiasses  into  a  red  or  rosy  color.     The  experiment 

shouM  be  perloruied  at  least  three  times,  and  the  mean  taken.     Suppose  that 

to  saturate  the  acid  t)l  e.e.  of  the  soda  solution  are  required,  then  to  every 

01  c.e.  01  >  e.e.  water  is  to  be  added,  so  as  to  obtain  a  solution  of  which  1  e.c 

will  corresjMind  to   1    e.e.  of  the  acid.     Therefore  to  1,000  c.c.  caustic  .soda 

/lOOOXO!)  \  ,.. 

solution    (  ~!)80j    !>S0  e.c.  water  must  be  added.      The  chief 

complication  to  which  this  pr<)ee.<s  is  subject  is  due  to  the  presence  of  carbonic 
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acid  in  tlie  caustic  soda,  as  this  acid  when  evolved  affects  the  indicator.  Ac- 
cordingly, to  avoid  this  it  is  recommended  to  add  at  first  only  as  much  soda  as 
to  render  the  solution  colorless,  then  to  boil  so  as  to  expel  the  carbonic  acid, 
after  which  the  titration  is  to  be  proceeded  with  in  the  usual  way. 

2.  Determinatum  of  the  Acidity  of  Urine. — Take  100  c.c.  of  the  urine 
and  add  to  it  from  a  graduated  burette  the  normal  soda  solution  (1  c.c.  =  0*063 
oxalic  acid),  which  had  best  be  diluted  with  water  to  one- tenth  its  strength 
(1  c.c.  =  0-0063  oxalic  acid).  From  time  to  time,  after  stirring  the  fluid 
with  a  glass  rod,  narrow  slips  of  red  litmus  paper  are  introduced,  and  the  ad- 
dition of  the  caustic  soda  continued  until  the  litmus  paper  begins  to  turn 
blue.  Or  violet  litmus  paper  may  be  streaked  with  a  thin  glass  rod  moistened 
with  the  mixture,  and  the  addition  continued  until  no  change  of  color  is 
produced. 

If,  say,  13  c.c.  of  the  diluted  soda  solution  were  required,  then  the  acidity 
of  the  100  c.c.  urine  is  13X00063=^00819;  and  for  the  total  urine  of 
the  24  hours — say  1,500  c.c. — the  acidity  expressed  as  oxalic  acid  b  therefore 
equal  to  1*2185  gram. 

The  presence  of  the  acid  phosphate  of  soda  in  the  urine,  it  should  be  re- 
membered, renders  the  result  merely  approximative. 

B.  Color. — Normal  urine  possesses  a  clear  amber  yellow  color,  that  passed 
in  the  morning  being  generally  darkest  in  tint.  The  color  deepens  as  the 
urine  stands,  and  depends  on  the  nature  of  the  food,  and  in  part  on  the  age 
and  character  of  the  individual.  In  very  young  children  the  tint  is  very 
slight,  and  the  larger  the  quantity  passed  in  adults  the  paler  it  becomes.     It  is 

in  color,  as  in  the  urimi  potus  of  health,  in  anaemia,  chlorosis,  and  dia- 
jtes,  and  in  the  reconvalescence  after  severe  acute  affections.  It  is  very  rich 
in  color  in  acute  fevers,  just  as  is  seen  normally  in  the  urina  cht/li  of  health 
and  after  profuse  sweating  with  little  ingestion  of  water.  The  presence  of 
bile  pigments  imparts  a  brownish  coloration  acc^)mj)anied  by  a  greenish  tint, 
that  of  blood  or  its  pigments  a  reddish  coloration ;  in  chyluria  it  is  yellovrish 
white,  and  in  melanotic  cancer  greenish  yellow,  turning  to  a  dark  brown  or 
black.  Sometimes  the  surface  presents  a  blue  color,  from  the  presence  of 
indigo.  Certain  drugs  and  vegetables  likewise  affect  the  color ;  thus  the  urine 
is  blackish  after  phenol,  dark  also  after  gallic  acid,  brownish  yellow  after  san- 
tonin, intensely  yellow  after  chrysophanic  acid,  rhubarb  (changed  to  red  by 
ammonia),  senna,  logwood,  madder,  beet  root,  and  bilberries.  The  coloration 
by  these  vegetable  pigments  is  changed  to  a  blood  red  by  alkalies,  and  the  yel- 
low tint  restored  by  acids. 

To  remove  the  color  of  urine  it  may  be  filtered  through  animal  charcoal, 
or  precipitated  with  basic  lead  acetate)  or  milk  of  lime,  or  digested  with  zinc 
and  hydrochloric  acid. 

C.  Transparency. — Normal  urine  is  always  clear,  but  occasionally,  and 
particularly  in  abnormal  conditions,  it  is  turbid.  For  the  first  four  or  five 
days  after  birth  a  child's  urine  is  somewhat  turbid,  owing  to  epithelium,  mu-. 
cus  corpuscles,  urates,  and  occasionally  oxalate  of  lime.  Urine  may  be  turbid 
when  passed,  and  this  indicates  an  excess  of  mucus,  or  the  presence  of  renal 
epithelium,  pus,  blood,  chyle,  semen,  bile,  or  phosphate  or  urate  of  soda  in  ex- 
cess, etc.  A  turbidity  shortly  subsequent  to  the  passage  of  the  urine  is  gene- 
rally the  result  of  the  precipitation  of  phosphates  or  urates,  or  it  may  result 
from  fermentation  or  decomposition.  But  even  normally  a  turbidity  may  show 
itself  some  hours  after  the  urine  has  been  passed. 

D.  Quantity.— In  the  24  hours  1,500  to  1,700  c.c.  (about  52  J  to  59i  oz.), 
increasing  with  general  functional  activity  and  diminishing  during  sleep.     It 
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may  be  increased  to  2,000  or  even  3,000  c.c.  when  mach  fluid  ha«  been 
ingested,  or  it  may  sink  to  800  or  900  c.c.  Women  also  secrete,  as  a  rule,  leas 
than  men.  The  amount  depends  considerably  on  the  blood  pressure  in  the 
kidneys.  This,  we  know,  is  raised  by  increased  force  and  frei]uency  of  the 
heart's  beat,  and  by  constriction  of  the  vessels  supplying  other  parts  of  the 
body,  as  the  skin,  particularly  if  accompanied  by  a  relaxation  of  the  renal 
artery;  while  it  is  diminished  by  a  lowering  of  the  general  blood  pressure 
either  from  diminished  cardiac  activity  or  by  a  dilatation  of  other  vascular 
arese  of  the  body. 

Section  of  the  spinal  cord  below  the  medulla  leads  to  an  arrest  of  the  se- 
cretion by  causing  a  general  vascular  dilatation ;  irritation  of  the  spinal  cord 
effects  the  same  thing,  but  by  causing  a  general  constriction  of  the  vessels,  the 
renal  arteries  included.  Section  of  the  renal  nerves  likewise  leads  to  polyuria, 
also  section  of  the  splanchnics,  but  to  a  less  extent,  possibly  through  division 
of  the  vasomotor  nerviis  of  the  kidney;  while  stimulation  of  the  splanchnics 
arrests  the.  flow  (after  Foster). 

Different  names  have  been  given  to  the  urine  voided  at  different  times  of 
the  24  hours.  Thus  urina  potus  is  that  passed  after  much  fluid  has  been 
drunk,  as  in  summer ;  it  is  pale  in  color  and  of  low  specific  gravity.  The  urina 
cibi  is  that  excreted  soon  aft^r  a  meal ;  it  is  diu*ker  in  color  and  of  high  spe- 
cific gravity.  The  urina  sanguinis  is  that  formed  during  the  night  and  voided 
in  the  morning. 

The  quantity  is  affected  by  the  food  and  fluids  ingested,  and  by  the  se- 
cretive energy  of  the  skin  and  lungs,  being  always  increased  afler  meals  and 
nervous  activity,  and  diminished  by  sleep.  The  influence?  of  age  is  consider- 
able. At  the  end  of  the  first  month  the  daily  excretion  of  urine  is  about  200 
to  300  c.c,  and  from  three  to  five  years  a  mean  of  750  c.c.  in  boys  and  of 
TOO  c.c.  in  «i:irls.  While  in  the  child  (from  three  to  seven  years)  the  amount 
of  urine  in  the  24  hours  for  each  kilo.  (2'2  lbs.)  of  body  weight  averages 
about  7)\)  c.c.  in  middle  age  (30  to  00  years)  a  healthy  adult  drinking  abun- 
dantly of  fluids  only  secretes  about  24  c.c.  per  kilo.;  that  is,  the  activity  of  the 
secretion  is  about  2*5  times  greater  in  the  early  period. 

Urine  of  Children  (Sciiabanowa). 

Age. 

2  to    4  years 

5  »*     9      " 

10  "  13      "      .*     .'     .     '.     . 


Quantity. 

Sp.  gr 

17'5  oz. 

1011 

36'o    " 

1013 

50-5    " 

1012 

In  certain  conditions  the  urine  is  greatly  increa^'d  in  amount,  constituting 
'polyuria,  which  is  present  in  diabetes  insipidus  and  mellitus,  in  granular  con- 
tracted kidney  with  cardiac  hypertrophy,  in  the  (^arly  stages  of  waxy  kidney, 
and  it  may  occur  after  the  absorption  of  oedematous  fluids  or  exudations,  in 
the  convalescence  of  fevers  (epicritical  polyuria),  and  in  certain  disturbances 
and  alterations  of  the  nerve  centres,  as  in  cases  of  hysteria,  chorea,  epilepsy,  etc. 
On  the  other  hand  it  i.s  diniiaished,  or  even  occasionally  absent  {anuria^  oligu- 
ria), in  cases  of  weakened  heart  action  from  degeneration,  or  in  valvular  dis- 
ea.se  leading  to  passive  congestion  of  the  kidney ;  in  emphysema,  et<3.,  of  the 
lung  in  which  the  circulation  is  retarded;  also  in  all  acute  inflammatory  pro- 
cesses, profuse  sweating,  etc,  and  cases  where  there  is  excessive  discharge  of 
water  by  the  intestine,  as  in  diarrhoea,  enteritis,  and  cholera.  Further,  a 
diminution  has  been  noted  in  the  following:  lead  poisoning;  eclampsia  partu- 
rientium  depending  on  spasm  of  the  renal  arteries  (Cohnheim);  mechanical 
compression  or  closure  of  the  ureter ;  filling  up  of  the  renal  tubes  with  casts,  etc., 
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tt  in  nephritis,  a  diminution  being  present  in  the  last  stage  of  all  forms  of 
Bright's  disease ;  daring  the  collapse  of  cholera,  and  in  cirrhosis  of  the  liver. 

It  should  be  remembered  that  for  accurate  quantitative  analyses  the  whole 
urine  passed  in  the  24  hours  most  be  preserved  in  the  same  vessel,  and  a  speci- 
men of  this  used;  for  the. amount  passed,  say  in  an  hour,  cannot  be  taken  as 
a  guide,  as  normally  in  one  hour  only  20  c.c.  may  be  secreted,  and  in  another 
hour  as  much  as  200  c.c.  Further,  in  noting  the  total  quantity  of  urine  in 
the  day,  the  amount  of  fluids  ingested  should  be  recorded,  as  well  as  the  pres- 
ence of  fluxes  from  the  skin  or  bowels. 

E.  Specific  Gravity. — It  is  of  more  importance  to  ascertain  the  specific 
gravity  of  the  total  urine  passed  in  the  24  hours  than  of  a  portion  of  it  passed 
at  any  one  act  of  micturition.  As  the  specific  gravity  depends  on  the  amount 
of  solids  present,  a  high  specific  gravity  indicates  a  large  percentage  of  solids. 
Indeed,  an  approximation  to  the  solids  present  may  be  made  by  multiplying 
the  last  two  numbers  of  the  specific  gravity  by  2-33  Thus  a  urine  having  a 
specific  gravity  of  1018  would  contain  (18  X  2*33  =  41*94)  41*94  grams  of 
solids  in  the  1,000  parts.  Fairly  accurate  results  will  be  obtained  by  sub- 
stituting 2  for  2*33,  as,  besides  being  easier  to  use  and  remember,  it  is  a  mean 
of  the  different  numbers  that  have  been  proposed  for  the  purpose.  But  there 
are  cases  where  the  results  thus  obtained  are  very  erroneous,  and  accordingly 
if  a  correct  estimate  is  required  the  solids  obtained  by  evaporating  a  certain 
volume  of  the  urine  should  be  weighed. 

Variations. — Copious  ingestion  of  fluid  lowers  it  greatly,  and  much  vomit- 
ing and  purging  may  not  only  lessen  the  amount  of  urine  but  also  its  specific 
gravity.  After  attacks  of  hysteria  it  may  be  temporarily  as  low  as  1003.  A 
low  specific  gravity  generally  indicates  a  deficiency  in  the  excretion  of  the 
waste  products,  as  in  hydrasmia,  anaemia,  and  chlorosis ;  albuminous  urine  also 
is  generally  of  low  specific  gravity,  1010  to  1012.  A  child  of  a  month  old 
has  a  urine  with  a  specific  gravity  often  as  low  as  1003.  At  birth  it  is  about 
1010;  then  it  sinks,  so  that  about  the  tenth  day  it  may  be  1002,  when  it 
gradually  begins  to  rise  again.  With  the  same  individual  also  the  proportion 
of  solids  may  vary  normally  as  much  as  one-third  more  or  less  from  day  to  day. 

The  specific  gravity  is  generally  raided  when  the  urinarj'  secretion  is  lessened, 
as  in  fevers,  but  the  contrary  is  the  case  in  polyuria.  In  most  chronic  diseases 
the  soUds  are  diminished  and  the  specific  gravity  lowered.  In  the  acme  of 
acute  inflammatory  processes,  while  the  totiil  solids  may  be  only  40  grams  in 
the  24  hours,  yet,  on  account  of  the  lessened  excretion  of  water,  the  specific 
gravity  is  higher  than  normal.  It  is  also  raised  in  the  scanty  urine  of  acute 
renal  dropsy.  An  increased  specific  gravity  with  an  increased  excretion  of 
urine  should  be  regarded  with  siLspicion,  being  generally  associated  with  dia- 
betes, in  which  dise^ise  it  is  often  as  high  as  1040  to  1050.  With  excess  of 
urea  it  may  rise  to  1030  or  even  higher.  TAttle  urine  with  increased  specijic 
gravity  indicates  diminished  secretion,  other  watery  (effusions,  or  the  presence 
of  some  morbid  process ;  much  urine  with  a  low  specijic  gravity^  abundant  in- 
gestion of  water  or  absorption  of  exudations  or  eft'usions,  also  some  forms  of 
diseased  kidney;  little  urine  with  a  low  specijic  gravity^  uraemia  and  some 
forms  of  Bright's  disease,  particularly  in  the  later  stages ;  and  quantity  much 
increased  with  a  high  specijic  gravity^  diabetes. 

To  Take  the  Specijic  Gravity. — This  is  usuiilly  done  by  means  of  the 
urinometer.  The  urine  is  poured  into  a  long,  narrow,  cylindrical  glass  and 
the  urinometer  inserted.  The  latter  should  be  made  to  sink  slowly  into  the 
urine,  and  when  it  has  come  to  rest  read  ofl*  at  the  level  of  the  fluid.  The 
cylinder  must  be  sufficiently  wide  to  permit  of  the  urinometer  floating  freely 
without  touching;  and  before  the  urinometer  is  inserted  it  should  be  carefully 
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dried  if  necessary,  snd  if  any  particlee  of  air  adhere  to  it  while  in  iLe  mil 
these  are  to  be  wijicd  awny  with  a  feather ;  any  froth  also  on  the  Burfaee  of 
iirino  is  to  be  previouflly  removed  with 
of  fitter  paper.    The  leraperalure  of  the 
should  be  about  li)°,  as  the  uriDonieter 
ftenerully  eonatnicted  to  gi 
tions  at  thtx  tempcratuio ;  if  beli 
the  Bpeoifie  jp^vity  obtained  is  loo  bigl 
abont  O'l"  for  each  d^^ree  down  to 
too  low,  above  15°,  by  an  average  of  0' 
for  each  degree  up  to  18°,  and  from  that 
25°  by  an  average  of  0'2°  for  each  dc^^ree. 
If  the  urine  is  in  too  small  quantity 
admit   the    use  of  the   urinometer,  spec 
^Tiivity  beads  or  bott>1c8  may  be  employed. 
To  oltaia  accurately  t!ie  amount  o/ »ol 
\a  a  difficult  operation,  owinp;  to  the  hyj^n^ 
Bcopic  character  of  the  residue  and  to  the 
decomposition  of  the  urea  present  in  it  when 
sufficiently  heated  to  expel  all  the  moisture. 
One  of  the  following  plans  may  be  adopted : 
( 1 )  Evaporate  5  o.e.  in  a  small  weif;hed  pla^ 
tinum  capsule  over  a  wati-T  bath,  and  wi^igh 
the  residue  after  it  has  been  dried  for  soi 
time  in  an  air  bath  at  115°  and  then  cool 
over  Rulphuric   acid.     Only  a  roughly 

Suximalive  estimate  is  thus  obbunod.      (j 
cmove  5  e.e.  of  the  urine  with  a  pipe" 
and  evaporate  it  in  the  receiver  of  an 
pump  in  a  weighed  capsule  placed 
containing  strong  sulphuric  neid.     Leave 
24  hours  in  vacuo,  then  weigh 
weighing  may  I>e  repeated  afler  another 
hours  over  fresh  sulphnrie  acid  in  the 
hausted  receiver. 
Fi".  as.-rm.'ii.iii.TiLfi.  <3)    7'o  obtnin  tlie  uih,  5(1  c.e.  urine  are 

evaporated  (o  dryness  in  a  weighed  plaiiimm 
crucible  over  a  wat^r  bath,  and  then  carefully  heated  in  the  flame  uf  a  Bun- 
sen  burner.  Add  a  little  water  to  the  capsule  when  cool,  then  warm  it 
and  threw  the  contents  upon  a  amall  filter  that  has  been  previously  treated 
with  hydrochloric  acid  and  well  washed ;  repeat  the  washing  of  the  capsule, 
filter,  and  eolleet  the  filtrate  and  washings.  The  filter  and  its  cont«ntB  are 
nest  ((>  tw  heated  to  dryness,  and  the  dry  filter  exposed  to  a  red  heat  in  a 
platinum  capsule.  The  ash  will  soon  be  reduced  to  whiteness,  as  the  albii 
salts,  which  hinder  the  burning  of  the  carbon,  have  been  removed  by  the 
washing.  The  filtmte  and  the  washings  are  now  to  be  added  to  the  same 
cajisnle  luid  \»  be  evuporat<;d  to  dryness;  the  dry  residue  is  finally  hea[«d 
redness,  allowed  to  bmiI  in  an  exhausted  receiver  over  sTilpbnrie  acid, 

The  ratio  of  the  mineral  to  the  organic  residue  varies  somewhat,  bi 
healthy  urine  it  is  genera! ly  in  the  proportion  of  I  to  1-2  or  1*7  ;w'' 
abnormal  urine  the  ratio  may  be  1  to  2.  2-5,  or  4 ;    that  is,  there  is  a 
jinijNirtion  of  organic  matter  (Wanklvs). 

P.    Odor. — I'resh  urine  has  a  faintly  aromatie  smell,  which  noon, 
ever,  disapjienrs;    it    bectiines   annu'iriiaeal   wliiiii   t.be  urine  doeoniposes.      It 
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characteristic  odor  may  be  altered  by  the  ingestion  of  certain  foods,  as  hare^ 
asparagus,  garlic,  turpentine,  safiron,  balsam  copaiba,  cubebs,  assafoetida,. 
valerian,  etc. 


CHAPTER   III. 

CONSTITUENTS  OF  URINE. 

The  secretion  of  urine  is  a  double  process,  partly  filtration  and 
partly  excretion,  this  last  being  less  dependent  than  the  former  upon 
alterations  in  the  blood  pressure.  By  filtration^  which  occurs  chiefly 
in  the  Malpighian  capsules  of  the  kidney,  the  bulk  of  the  water  and 
of  certain  soluble  bodies  are  eliminated;  and  by  excretion  the  great 
proportion  of  the  solids  with  only  a  small  part  of  the  water  in  the 
tubules  by  means  of  their  epithelial  investment,  this  last  process  being 
greatly  dependent  on  the  stimulating  presence  of  certain  bodies  in  the 
blood,  such  as  urea,  etc. 

The  urine  is  the  chief  means  by  which  the  decomposition  products 
of  the  albumens  are  excreted.  The  members  of  the  aromatic  series 
in  it  can  all  be  traced  back  to  this  source.  The  sulphur  of  the  albu- 
men is  probably  in  part  oxidized,  and  gives  origin  to  some  of  the 
combined  sulphuric  acid  of  the  urine.  Traces  also  of  the  decompo- 
sition products  of  the  lecithin,  nuclein,  and  glycerin  phosphoric  acid 
of  the  nerve  substance  show  themselves :  probably  part  of  the  phos- 
phoric acid  of  the  urine  is  thus  derived.  In  addition  there  are  traces 
of  the  decomposition  products  of  the  carbohydrates  and  of  sugar  itself. 
Elsewhere  reference  will  be  made  in  more  detail  to  the  origin  of  the 
different  urinary  constituents,  and  it  will  be  seen  that  the  true  function 
of  the  kidneys  is  chiefly  excretory — that  is,  they  are  mainly  occupied 
in  discharging  from  the  blood  certain  waste  products  that  have  been 
carried  to  them  from  other  tissues  or  organs.  These  bodies  may  be 
classified  into — 

A.  Organic, — 1.  Bodies  heJonging  to  the  fatty  series — urea,  uric 
acid,  xanthin,  hypoxanthin,  kreatin  and  kreatinin;  oxalic,  oxaluric, 
glycerophosphoric,  and  lactic  acids. 

2.  Bodies  belonging  to  the  aromatic  series — hippuric,  benzoic,  phe- 
nolsulphuric,  indoxylsulphuric,  and  skatolsulphnric  acids. 

3.  Such  bodies  as  urobilin,  extractives,  and  organic  bodies  containing 
sulphur,  etc. 

B.  Inorganic, — Sodium  chloride,  alkaline  sulphates  and  phosphates, 
phosphates  of  lime  and  magnesia,  silicic  acid,  ammonia,  iron,  nitric 
acid,  and  such  gases  as  carbonic  anhydride,  nitrogen,  and  oxygen. 

Of  these  the  important  constituents  are  urea  and  sodium  chloride, 
which  normally  bear  to  each  other  the  proportion  of  2  to  1,  but  in 
febrile  conditions  may  be  altered  to  30  to  1. 
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Normal  Urine  of  the  24  Hours  (after  Liebebmann). 


Constituents. 


Water  .     .     . 


Specific  gravity 


Urea 


•         • 


Uric  acid  . 


Kreatinin      .    . 

Hippuric  acid    . 
Sulphuric   " 
Phosphoric  acid 


Oxalic  ■ 
Carbolic 


(( 


rhos'te  of  lime. 

Phosphate  of 
Magnesium    . 

Chloride  of  So- 
dium, 


Free  acid  (cal- 
culated as  ox- 
alic acid). 


Amount  in 
grains. 


52  oz. 


1020 


400  to  600 


5  "12 


10  "  18 

6  "15 
23  "  38 

48  to  54 


0-3 


0015 


4  to  5 


7  "    U 
150  ''   200 
CI    ^  00   to 
120 
I  Na    -  60  to 
I      80 
30  to  60 


Indican     .     .     . 

007  "  0-3 

'  Total  inorganic 

salts      .     .     . 

200  "  380 

Potassium  . 

38  "     48 

Sodium 

140  "  180 

Calcium 

4  "       5 

Magnesium 

2  "       3 

Alterations  under  pathologicml  conditions. 

Increased  in  diabetes,  after  abeorptions^of 
effusions,  and  in  contracted  kidney,  etc. 

Diminished  io  acute  fevers,  cholera,  dropsies, 
etc. 

Raised  in  diabetes  mellitus,  and  occasionally 
in  diabetes  insipidus. 

Lowered  in  polyuria  and  certain  cachectic 
conditions  depending  on  want  of  food,  etc 

Increased  in  fevers  to  the  crisis,  in  intermit- 
tent fever  before  the  cold  stage,  in  dia- 
betes, and  after  absorption  of  dropsical 
effusions. 

Diminished  in  dropsies,  in  chronic  liver  dis-  i 
eases,  in  Bright's  disease,  aflber  fevers,  and 
in  all  conditions  in  which  tissue  change  is 
hindered. 

Increased  in  acute  fevers,  in  diseases  of  the 
lungs  interfering  with  respiration  (as 
tubercular  deposit,  etc.),  acute  rheuma- 
tism, leukaemia. 

Diminished  in  diabetes,  chronic  goat,  Addi- 
son's disease. 

Increased  in  acute  fevers,  pnenmonia,  etc 

Diminished  in  diabetes  mellitus,  debility, 
kidney  disease,  etc. 

Increased  in  fevers,  diabetes  mellitus,  and 
chorea. 

Having  more  or  less  the  same  source  as  urea, 
it  will  increase  or  diminish  therewith. 

Increased  in  fevers,  in  most  acute  nerve  af- 
fections, and  in  tubercle  of  the  lung. 

Diminished  in  many  mental  diseases,  espe- 
cially mania,  and  in  chlorosis. 

Increased  in  catarrhal  jaundice  and  in  oxalic 
acid  diathesis. 

Increased  in  certain  diseases  of  the  intes- 
tines, causing  constipation  (ileus,  etc; 
but  has  been  observed  to  be  increased 
aLso  in  certain  cases  of  diarrluva. 

Increased  in  osteomalacia,  rickets,  scrofula, 
carcinoma,  long  continued  suppuration. 

Diminished  in  fevers. 

Increased  in  fevers  at  the  outset,  and  with 
the  rcabsorption  of  dropsical  fluids. 

Diminished  during  apyrexia,  dropsies,  chol- 
era, typhus,  inflammations  generally,  aiid 
especially  ])neumonia. 

Increased  during  the  acme  of  acute  febrile 
affections  (on  account  probably  of  the 
diminished  proportion  of  water  present!. 

Diminished  in  most  diseases  affecting  the 
nutrition  and  leading  to  a  deficiency 
therein. 

Increased  with  diseases  attended  by  consti- 
l>ation,  and  occasionally  also  in  cases  of 
diarrlnt'a. 
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The  Oases  in  Urine. — These  amount  on  an  average  to  15*79  per 
cent.,  of  which'  carbonic  acid  forms  87'53  per  cent.,  nitrogen  11-22 
per  cent.,  and  oxygen  0*62  per  cent.  (Planer).  According  to 
PFLtJQER  the  proportions  are  the  following  at  0°  ana  760  mm. : — 

Per  cent. 

Carbonic  acid,  by  exhaustion  in  vacuo .    .    17*5    to  18*8 
"  **  action  of  phosporic  acid 

in  vacuo 0*19  "    0*9 

Oxygen  009  "    010 

Nitrogen 115  "     1*21 

The  carbonic  acid  appears  to  exist  chiefly  in  a  loose  state  of  com- 
bination, probably  with  sodic  phosphate. 

Amoimt  of  Solids. — Of  these  the  urine  therefore  contains  nearly  42 
grams  f648  grains)  in  each  litre;  but  they  may  vary  from  20  to  65 
grams  (300  to  1,000  grains).  In  the  twenty-four  hours  the  solids 
average  55  to  60  grams  (840  to  920  grains). 


Mean  <iuantitv  in  1  kilo. 
(2-2  ftw.) 

Mean  quantity  in  24  hours. 

Water 

Organic  coustituentb  .... 
Mineral            *^            .... 

(iraiuM. 

95()0 
2718 
lUO 

(i  rains. 
14,753 
419-4 
247 

(iram.s. 
1,243 
35-24 
20-2 

Grains. 
19,182 

544 

312 

In  general  the  solids  increase  with  the  quantity  of  urine  excreted. 
In  all  grave  diseases  the  solids  diminish  in  the  twenty-four  hours,  but 
as  the  urine  is  also  generally  passed  in  less  quantity  the  proportion 
remains  nearly  the  same.  In  acute  maladies  the  volume  of  urine  de- 
creases, but  the  specific  gravity  increases ;  and  as  the  patient  improves 
its  volume  rises,  and  may  even  pass  the  normal  considerably.  .  In  dia- 
betes not  only  is  the  volume  of  the  urine  but  also  the  solids  greatly 
increased,  while  in  certain  states  of  the  system,  as  hydraemia,  chloro- 
sis, anaemia,  hysteria,  etc.,  we  may  often  meet  with  simple  polyuria. 


CHAPTER  IV. 


BE  ACTIONS  AND  CHARACTERISTICS  OF  NORMAL  URINE. 

1.  Acid  Iteaction, — Dip  into  the  urine  a  piece  of  blue  litmus 
paper :  it  becomes  red. 

2.  Density, — Pour  some  into  a  cylindrical  glass  and  insert  a 
urinometer:  the  specific  gravity  should  be  about  1020 ;  if  higher  than 
1025,  sugar  or  excess  of  urea  may  be  present. 

3.  Uric  acid  and  Pigment. — (a)  Add  a  little  hydrochloric  or  nitric 
acid:  no  precipitate  occurs,  but  the  urine  evolves  a  characteristic 
odor  and  becomes  dark  colored.  (6)  When  the  urine  is  carefully 
poured  over  some  nitric  acid  in  a  test  glass,  at  the  point  of  contact  of 
the  two  fluids  a  reddish  layer  forms  (Heller's  urophaein  ring),  and  a 
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little  above  this  last  often  a  whitish  layer  of  urates,  sharply  defined 
below  but  less  so  above,  (c)  If  we  add  to  hydrochloric  acid  one-third  its 
volume  of  urine  the  mixture  assumes  a  pale  red,  brownish  red,  or  a 
violet  to  a  deep  coloration  (indican,  etc.)  (d)  Pour  some  strong  sul- 
phuric acid  into  a  beaker,  then  about  twice  its  volume  of  urine,  and  mix 
rapidly  with  a  glass  rod :  a  more  or  less  dark  brown  color  is  developed. 
In  certain  chronic  liver  affections  the  color  may  be  quite  black,  (e) 
Saturated  solution  of  picric  acid  causes  no  alteration  of  color,  but  the 
urine  remains  clear  for  three  or  four  hours,  when  a  slight  yellow- 
colored  sediment  appears. 

4.  Boil  a  little  in  a  test  tube :  the  urine  remains  clear,  its  acid 
reaction  unaltered;  but  if  it  is  neutral  or  alkaline  a  precipitate  of 
earthy  phosphates  will  occur,  which  disappears  on  the  addition  of  a  few 
drops  of  nitric  acid. 

If  the  urine  is  not  transparent,  but  becomes  so  on  boiling,  excess 
of  urates  is  present. 

5.  Phosphates  of  the  Alkalies  and  of  the  Alkaline  Earths, — (a) 
Add  a  few  drops  nitric  acid  to  the  urine  and  boil,  then  add  a  little 
barium  chloride  solution  and  boil  again  for  some  time :  baric  sulphate 
is  precipitated.  Now  filter  rapidly  and  treat  the  filtrate  with  excess  of 
ammonia,  when  baric  phosphate  is  thrown  down. 

(j)  Confirm  the  presence  of  the  alkaline  phosphate  by  boiling 
some  nitric  acid  solution  of  ammonium  molyhdate  in  a  test  tube,  and 
then  adding  to  it  a  little  urine,  when  a  canary  yellow  precipitate  of 
ammonium  phosphomolybdate  is  thrown  down. 

(ij)  To  a  fresh  portion  of  urine  add  sodic  acetate  and  then  acetic 
acid  and  a  drop  of  ferric  chloride :  a  yellowish  white  gelatinous  pre- 
cipitate is  thrown  down  of  ferric  phosphate. 

(b)  x\dd  ammonium  chloride  and  ammonia  in  excess :  a  white  1)"^^ 
c\Y)\tfite'of  tliQ  earthf/ phosp/tates  (lime  and  magnesia)  and  of  oxd^^ 
of  lime.  Filter  and  add  to  the  filtrate  a  little  solution  of  magnesia 
sulphate,  and  a  precipitate  of  the  alkaline  phosphates  occurs  as  triple 
phosphatei^,     (Or  the  next  method  may  be  adopted.) 

(c)  Add  to  the  urine  acetate  of  ammonia  (prepared  by  adding 
acetic  acid  to  licjuor  ainmouiie  till  the  acid  is  in  excess),  and  to  com- 
plete the  precipitation  add  oxalate  of  ammonia:  a  little  oxalate  of  lime 
is  thrown  down.  Now  boil,  filter,  and  to  the  filtrate  add  excess  of 
ammonia,  shakin;^  or  stirring  briskly  :  a  crystalline  precipitate  of  the 
triphi  p/i(fHp/i((te. 

The  tests  under  this  head  having  first  been  applied  to  the  urine 
itself  should  next  be  fijone  throu^irh  wifh  a  solution  of  the  dry  resi'h''- 
To  effect  this  evaporate  about  20  grams  of  urine  to  dryness,  and  incin- 
erate the  residue.  Tlien  boil  this  last  with  a  little  water  and  filter: 
the  filtrate  will  contain  the  phosphates  of  the  alkalies,  and  the  insol- 
uble residue  the  earthy  phosphates. 

(j)  To  the  filtrate  apply  test  a;  then  try  test  6,  when  it  will  be 
found  that  no  precipitate  is  obtained.  Next  add  to  a  little  of  the  fil- 
trate ammonium  chloride,  ammonia,  and  magnesic  sulphate,  when  a 
precipitate  of  the  triple  phosphate  will  be  obtained. 

(ij)  The  part  of  the  calcined  residue  insoluble  in  water  is  then  to  be 
dissolved  in  a  few  dro})S  of  nitric  acid,  a  little  water  added,  and  the 
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solution  filtered  (the  insoluble  residue  generally  consists  of  silica).  To 
part  of  the  clear  solution  add  excess  of  ammonia ;  phosphate  of  lime 
and  ammoniaco-magnesian  phosphate  are  precipitated. 

To  the  rest  of  the  solution  add  ammonia  and  then  excess  of  acetic 
acid  and  oxalate  of  ammonia :  oxalate  of  lime  is  thrown  down.  Shake 
well,  boil,  and  filter ;  concentrate  the  filtrate  by  evaporation,  and  when 
it  is  cold  add  ammonium  chloride  and  sodic  phosphate,  stirring  well :  a 
crystalline  deposit  of  the  triple  phosphate. 

6.  Soluble  Sulphates, — Add  baric  chloride  or  baric  hydrate  or 
nitrate :  a  white  precipitate  of  baric  sulphate,  phosphate  and  urate, 
which  disappears  in  part  on  the  addition  of  hydrochloric  acid,  the  sul- 
phate only  bein^  insoluble  and  remaining  as  a  finely  pulverulent  mass. 

7.  Urea, — {a)  The  phosphates  must  first  be  separated  before  apply- 
ing the  following  test ;  accordingly  add  to  the  urine  barium  chloride 
in  excess,  and  filter  off  the  precipitate;  now  add  to  the  clear  filtrate 
some  dilute  solution  of  mercuric  nitrate,  and  a  white  flocculent  precipi- 
tate consisting  of  a  combination  of  urea  and  mercuric  nitrate  is 
obtained. 

(6)  Evaporate  some  urine  over  a  water  bath  to  a  syrupy  consist- 
ence ;  place  a  little  of  this  syrup  in  a  watch  glass  with  an  equal 
volume  of  pure  nitric  acid,  and  float  the  watch  glass  on  cold  water:  a 
crystalline  mass  of  nitrate  of  urea  will  soon  form. 

Digest  the  rest  of  the  syrup  with  spirit,  and  then  evaporate  the 
extract  obtained ;  dissolve  up  the  residue  in  a  little  water,  and  place  a 
few  drops  on  two  microscopic  slides ;  insert  a  fine  thread  in  the  fluid  on 
each  slide,  and  then  apply  cover  glasses,  leaving  part  of  the  thread  un- 
covered. To  the  outer  part  of  one  thread  apply  a  drop  of  nitric  acid, 
and  a  drop  of  strong  oxalic  acid  solution  to  the  other  thread,  and  note 
the  formation  of  crystals  under  the  microscope. 

8.  Precipitates  with  Lead, — Add  some  solution  of  acetate  of  lead  ; 
a  thick  precipitate  falls,  consisting  of  chloride,  phosphate,  urate,  and 
sulphate  of  lead,  as  also  most  of  the  pigment  present.  Filter  and  note 
the  clearness  of  the  filtrate. 

9.  Chlorides. — Add  silver  nitrate :  a  white  precipitate  of  chloride 
and  phosphate  of  silver ;  add  a  few  drops  of  nitric  acid,  and  the  phos- 
phate dissolves ;  filter  and  note  that  the  silver  chloride  forms  a  white, 
cheesy  mass  that  is  soluble  in  ammonia  and  becomes  darker  on  exposure 
to  the  light. 

10.  Salts  if  Lime  ^  3Iagnesia^  and  Ammonia, — (a)  Add  a  little  sodic 
acetate  in  excess  and  then  oxalate  of  ammonia :  a  slight  white  precipitate 
of  oxalate  of  Ume^  which  becomes  more  evident  on  boiling  and  is  insol- 
uble in  acetic  acid.  Now  filter  and  add  ammonia  to  the  filtrate,  when 
the  magnesia  will  be  thrown  down  as  ammonio-magnesian  phosphate. 
(6)  To  50  c.c.  of  urine  add  some  milk  of  lime,  then  boil  in  a  small 
flask  and  test  the  vapors  given  off  with  a  glass  rod  that  has  been  dipped 
in  hydrochloric  acid,  when  white  fumes  will  be  formed  if  ammonia  is 
])resent ;  note  the  smell  also,  and  test  the  reaction  of  the  vapor  with  a 
piece  of  red  litmus  paper :  ammonia  will  be  indicated  by  its  pungent 
odor  and  by  the  blue  coloration  of  the  litmus. 

11.  Hippuric  Acid, — It  is  advisable  to  use  cow's  urine  for  this  ex- 
periment.    Boil  it  for  some  time  to  remove  excess  of  pigment,  and  filter ; 
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evaporate  rapidly  to  a  syrup,  allow  it  to  cool,  and  then  acidulate  with 
hydrochloric  acid ;  lay  aside,  and  after  24  hours  decant  from  the  depos- 
ited crystals.  These  are  generally  much  colored  from  admixture  with 
pigment.  Place  some  of  the  dry  crystals  in  a  small  reduction  tube  and 
heat,  when  a  sublimation  will  occur  of  benzoic  acid,  an  odor  of  fresh  hay 
or  nitrobenzol  being  evolved  and  oily  red  drops  formed.  Also  examine 
the  crystals  under  the  microscope ;  they  generally  form  fine  needles. 

12.  Kreatinin, — To  100  c.c.  urine  add  some  milk  of  lime,  and  then 
some  solution  of  chloride  of  lime  to  complete  precipitation  ;  filter  after 
some  time  and  evaporate  the  filtrate  to  a  syrup ;  add  to  this  about  30 
c.c  absolute  alcohol,  and  after  mixing  well  lay  aside  for  5  hours  or  so  in 
a  small  beaker ;  then  add  10  to  15  drops  of  alcoholic  solution  of  chloride 
of  zinc,  and  lay  aside  again  :  a  precipitate  of  kreatinin  chloride  of  zinc 
occults  by  degrees.  Examine  the  deposit  under  the  microscope,  and 
note  the  prismatic  crystals  or  fine  needles  arranged  in  rosettes  or  bundles. 

13.  Normal  urine  decolorizes  a  weak  ammoniucal  cupric  oxide 
solution.  Tannin  gives  no  precipitate  with  it.  The  addition  to  urine 
of  three  times  its  volume  of  alcohol  (90  per  cent.)  causes  a  precipitate 
due  chiefly  to  earthy  phosphates.  If  this  precipitate  is  dissolved  in 
water  a  solution  is  obtained  which  can  change  starch  into  sugar  (Be- 
CH amp's  nephrozymase). 


CHAPTER  V. 

UREA, 

The  formula  for  this  body  is  CONoH,  =  CO  |  ^^^ ;  its  molecu- 
lar weight  is  60,  and  it  contains  46*6  per  cent,  nitrogen. 

It  is  found  in  small  proportion  in  the  different  animal  fluids,  tis- 
sues, and  organs,  being  absent,  however,  from  muscle,  but  especially 
rich  in  the  liver  (0*20  to  0-46  per  cent.),  although  this  last  is  denied 
by  IIOPPE  Seyleii.  In  human  blood  there  is  present  0-142  to  O'lTi 
per  cent.,  thouo:h  it  may  be  as  low  as  0*02  per  cent, ;  but  in  Bright  s 
disease  it  has  been  found  as  high  as  1*5  per  cent.  In  the  blood  of  the 
do«r  the  proportion  is  0-0192  per  cent.  (Wurtz),  or  0-014  to  0*085 
per  cent.  (Pekeliiaring).  Urea  is  the  principal  element  of  the 
urine,  this  fluid  containing  2  to  4  per  cent.,  or  an  average  mean  of  2*0 
to  •')'2  i)er  cent. 

Preparation.  1 .  From  Urine. — (d)  Evaporate  the  filtered  urine  to  a 
syrupy  consistence,  then  allow  it  to  cool,  and  it  is  advisable  to  surround  the 
vessel  containing  it  with  a  freezing  mixture;  next  add  colorless  nitric  aciain 
excess,  or  in  al)out  th(»  same  volume  as  the  concentrated  urine,  and  lay  ^^^^ 
for  24  hours.  Decant  and  collect  the  precipitate  on  a  linen  filter;  spread  it 
out  Ironi  this  upon  a  porous  earthenware  plate,  and  after  some  time  dissolve  it 
in  hot  water.  If  it  is  much  colored  shake  tlie  solution  for  some  minut<js  ^th 
animal  charcoal  and  filter.  To  the  filtrate  add  baric  carbonate  to  neutraliza- 
tion, then  a  little  caustic  baryta,  and  pass  a  current  of  carbonic  acid  g>* 
through  the  fluid  for  a  few  minutes  [2(CON\H,.HNO3)+BaCO,  =  2C0N,H, 
4-Ba2N03  +  Ufi  -f  CO,].     Filter  again,  evaporate  the  filtrate,  and  having 
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dried  the  impure  nrea  tlias  obtained  bj  spreading  it  out  between  sheets  of  fil- 
ter paper,  boil  it  in  absolute  alcobol,  filter,  and  frcmi  the  filtrate  allow  the  urea 
to  crystallize  out. 

(6)  The  urine,  particularly  that  of  the  dog,  may  be  thus  treated  :  Add  1 
vol.  baryta  mixture  [saturated  solution  of  baric  hydrate  (2)  and  of  baric  ni- 
trate (1 )]  to  2  vols,  of  the  urine,  shake  together,  and  filter ;  evaporate  the  fil- 
trate to  dryness,  and  treat  the  residue  with  boiling  alcohol ;  filter  the  alcoholic 
solution,  and  from  the  filtrate  the  urea  is  allowed  to  separate.  If  not  transpa- 
rent, it  is  dissolved  up  again  and  filtered  through  animal  charcoal,  and  the 
clear  solution  finally  evaporated. 

2.  Artificial  PrepanUion.  —  Powder  some  potasaic  ferroeyanide,  dry  It 
over  a  water  bath,  and  rub  100  grams  of  it  well  together  with  50  grams  black 
manganic  oxide;  then  heat  the  mixture  to  redness  un  an  iron  plate.  Before  it 
has  quite  cooled  break  the  mass  up  in  a  mortar  and  shake  it  tvell  with  a  warm 
mlntion  of  50  grams  sulphate  of  aumionia,  heat  for  a  few  minutes,  filter,  and 
evaporate  the  filtrate  to  drynea.".  The  urea  present  is  separated  from  the 
alkaline  sulphates  mixed  with  it  by  warming  the  residue  with  a  small  quantity 
of  absolute  alcohol  (00  per  cent.)  The  alcoholic  extract  is  distilled,  and  the 
nrea  left  behind  is  reerystallized  from  boiling  absolute  alcohol. 

General  Characters. — Urea  in  the  pure  state  forms  long  flattened 
foar-sided  prisms  that  are  striated,  translucent,  and  silky,  and  termi- 
nated by  oblique  surfaces.  Rapidly  formed  crystals  are  generally  in 
the  form  of  long,  fine,  white,  glittering  needles.  These  crystals  dissolve 
readily  in  cold  water  and  alcohol,  being  about  twice  as  soluble  in  theae 
fluitb  when  boiling,  but  are  almost  insoluble  in  pure  ether.  Urea 
tnelts  at  130°  and  decomposes  at  a  higher  temperature. 

Chemical  Relatioiia. — Urea  is  isomeric  with  ammonium  cyanate 
(NH^CNO),  this  body  undergoing  spontaneous  conversion  into  it,  and 
it  may  therefore  be  reatlily  prepared  therefrom.  In  the  transformation 
energy  is  evolved,  so  that  the  cyanate  with  its  molecular  energy  may 
be  regarded  as  a  type  of  vitally  active  nitrogen,  and  the  urea  as  that  of 
dead  nitrogen  (PflUger). 

Urea  is  generally  considered  to  be  an  amide  of  carbonic  anhydride ; 

OC  -[    /-.TT   carbonic   acid;    OC  ■;   ^ji*   carbamic   acid;    OC  -    ».„' 

carbamide. 

Combinatiotu. — Behaving  in  some  respects  like  an  organic  base,  urea 
combines  with  acids,  bases,  and  salts.  The  nitrate,  CONjlI^.HNOj,  is 
formed  if  nitric  acid  is  added  to  a  moderately  concentrated  solution  of 
urea,  generally  appearing  as  very  thin 
rhomboidal  or  hexagonal  tables,  although 
from  some  urines  (as  occasionally  in 
Bright's  disease,  etc.)it  may  show  itself 
in  tufts  of  fine  needles.  The  crystals 
are  soluble  in  water,  less  soluble  in  al- 
cohol, and  insoluble  in  ether  and  nitric 
acid.  The  oxalate,  (CON,H,),C,H;0, 
-|-  HjO,  is  also  readily  formed  by  the 
addition  of  a  strong  solution  of  the  acid 
to  a  moderately  concentrated  solution 
of  urea.     The  crystals  form  rhomboidal 
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tables  or  long  thin  prisms,  and  are  very  variable  in  shape.  They  are 
slightly  soluble  in  water,  and  less  so  in  alcohol.  Nitrate  of  mercury 
combines  with  urea,  and  according  to  the  concentration  of  the  solutions 
three  combinations  may  be  formed  (Liebig) — 

(1)  (C0N,H,V.IIg,(N03),; 

(2)  (CON,HJ,.IIg,(NO,)e; 

(3)  (CON,H,),.Hg(N03),+3HgO. 

The  last  is  produced  when  a  dilute  solution  of  the  nitrate  is  added 
to  a  dilute  (about  2  per  cent.)  urea  solution.  Mercuric  chloride  gives 
a  white  gelatinous  precipitate  with  an  alkaline  solution  of  urea.  So- 
dium chloride  also  combines  with  urea,  CON2H^,NaCl+2H20,  forming 
brilliant  rhombic  prisms  when  a  solution  of  the  two  bodies  is  evapo- 
rated. From  such  a  solution  the  urea  is  not  completely  precipitated 
by  nitric  acid. 

Compound  ureas  are  formed  when  the  hydrogen  atoms  of  urea  are 
replaced  by  alcoholic  or  acid  radicles;  as,  CNOH  (cyanic  acid)  + 
NH2(C2H,)  (ethylamin)  =  CO.NH2.NII(C2H,)  (ethvl  urea);  CNOH 
(cyanic  acid)  +  NH(C2H,)2  (diethylamin)  =  C0.NH2N(C2ll5).  (diethyl 
urea);  CON^H,  +  C2H3O. CI  (acetyl  chloride)  =  CON H^.NHC.HjO 
(acetyl  urea)  +  HCL 

Decompositions. — Urea  decomposes  readily  under  the  influence  of 
strong  alkalies  and  acids,  organic  ferments,  bacteria,  etc.,  and  even  by 
the  simple  heating  of  watery  solutions — slowly  at  boiling  point,  but 
rapidly  if  heated  in  a  closed  tube  to  230^,  or  under  pressure  at  100° 
if  mixed  with  baryta  water — the  elements  of  water  being  taken  up  and 
ammonium  carbonate  formed : — 

^^-  \  NII2 '^^  -  ^  -  ^ ^'  \  oxn; 

Nitrous  acid,  chlorine  gas,  and  hypoclilorite  and  hypobromitc  of 
soda  decompose  urea  with  the  formation  of  carbonic  acid,  water,  anJ 
nitrogen : — 

€0 1  ^^{{-+NA  =  COoH  2ILO+2N, 

^^  {  ^'H!+"^'^^^-''^^^^-^  ^  C0,+N,+6HC1 

CO  -j  ^'}[--|-3NaBrO  =  C02+N2+2H/)  +  3NaBr. 

Tlie  nitrous  acid  reaction  can  easily  bo  shown  by  adding  a  fc'^ 
drops  of  nitric  acid  to  a  globule  of  mercuiy  in  a  test  tube,  when  pun- 
gent red  fumes  of  nitrous  acid  are  evolved ;  but  if  now  a  little  urea  \^ 
added  only  a  colorless  gas  will  l)c  given  off.  If  dry  chlorine  gas  is 
passed  over  melted  urea  the  latter  is  decomposed  into  cyanuric  acid  and 
nitrogen,  hydrochloric  acid  and  anmionium  chloride  also  being  formed:— 

3C0|  5'ir'-i^^-'^^^  ^-'3^'3^V^3  (cyanuric  acid)+N2-f5HCl+NH,a 

AVhon  heated  with  a  mixture  of  caustic  potash  and  potassic  perman- 
ganate it  is  decomposed  into  carbonic  acid  and  ammonia.  If  the 
ammonia  is  distilled  oft'  it  can  be  determined  in  the  distillate  by 
Nes^sler's  process,  and  the  amount  of  urea  thus  estimated.     Potassic 
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permanganate  oxidizes  urea  in  acid,  but  not  in  alkaline  solutions,  while 
the  inverse  holds  good  with  ozone. 

Derivatives.— When  melted  with  sarcosin  urea  builds  up  methyl 

NHCO 
hydantoin,  CO^/prj  xpTj  ,  which  is  closely  related  to  kreatin;   and 

when  melted  with  leucin,  uramido-caproic  acid  is  formed.  Other  deriva- 
tives are  biuret,  (CgOgNgHj+HgO),  which  is  obtained  by  heating  dry 
urea  up  to  150°  and  extracting  the  cooled  mass  with  cold  water ;  cyan- 
amid  (CHjNj)  and  guanidin  (CN3H5). 

Urea  Eeactions  and  Tests. — Make  a  strong  watery  solution  of  urea, 
and  perform  most  of  the  following  tests  with  drops  placed  on  micro- 
scope slides : 

1.  Allow  a  drop  to  evaporate;  when  nearly  dry  place  a  cover  glass 
upon  it,  and  examine  under  the  microscope :  note  the  white  silky  needles 
formed  by  the  crystals,  generally  in  the  form  of  four-sided  prisms  ter- 
minated by  oblique  facets,  or  as  delicate  six-sided  superimposed  plates. 

2.  Place  a  short  length  of  thread  in  a  drop  of  the  solution,  then  cover 
so  as  to  leave  part  of  the  thread  outside  the  cover  glass ;  now  moisten 
the  outer  part  of  the  thread  with  a  drop  of  nitric  acid,  and  under  the 
microscope  note  the  formation  of  crystals  on  each  side  of  the  thread, 
hexagonal  tables  or  six-sided  prisms  being  ultimately  formed,  the  char- 
acter of  the  crystals,  however,  being  affected  by  their  more  or  less 
rapid  formation,  etc. 

3.  Note  in  the  same  way  the  formation  of  crystals  of  oxalate  of 
urea,  replacing  the  nitric  acid  by  a  strong  solution  of  oxalic  acid, 

4.  Note  the  white  precipitate  with  solution  of  mercuric  nitrate,  and 
the  absence  of  any  precipitate  when  mercuric  chloride  is  added  to  an 
add  solution. 

5.  Place  a  few  drops  of  a  solution  of  sodic  carbonate  or  bicarbonate 
in  a  test  tube,  then  add  a  little  mercuric  nitrate,  and  a  yellow  precip- 
itate is  formed  of  mercuric  hydrate. 

Now  to  another  test  tube  add  a  little  solution  of  urea  and  some  car- 
bonate of  soda ;  then  pour  in  a  few  drops  of  the  mercuric  nitrate,  and 
the  white  curdy  precipitate  is  produced,  owing  to  the  urea,  but  no  yellow 
color  at  first;  after  adding  a  little  more  of  the  nitrate,  however,  a  yel- 
low color  appears.  So  long,  therefore,  as  there  is  urea  preseyit  to  com- 
bine with  the  mercuric  nitrate  no  yellow  color  appears,  this  occurring 
only  with  excess  of  the  mercuric  salt. 

6.  Cover  a  large  crystal  of  urea  with  a  drop  of  a  saturated  watery 
solution  otfurfurol  (C4H3O.COH)  and  immediately  add  a  drop  of  hydro- 
chloric acid  (sp.  gr.  I'l):  a  rapid  play  of  colors  occurs  from  yellow, 
through  green  to  purple  violet,  sometimes  passing  into  brownish  black. 

7.  Pour  a  few  drops  into  a  small  test  tube  and  add  a  little  hypo- 
bromite  of  soda:  the  urea  at  once  decomposes,  bubbles  of  fi;as  being 
given  off.  Use  hypochlorite  instead  of  hypobromite,  and  it  will  be 
seen  that  the  decomposition  does  not  occur  readily  till  the  mixture  is 
heated.  The  process  is  seen  best  by  using  a  small  test  tube  which  is 
nearly  filled  with  the  hypochlorite  solution,  then  a  little  urea  added, 
and  the  test  tube  rapidly  inverted  over  water  or  mercury :  tlie  nitrogen 
evolved  collects  in  the  tube,  the  carbonic  anhydride  being  absorbed. 
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e  nilrom  neid  for  the  hypobromite,  and  proceed  as  in  ' 
ent:    the  urea  is  decomposed  as  before  and  gas  evolved. 
•■ate  the  urea  from  urine  for  fxamination,  evaporate 
"  'T,  ■■■  ft  water  batL  to  a  syrupy  consistence,  and  digest  thw 
ilume  of  alcohol,     Tlie  alcoholic  extract  is  then  evapor- 
1     watery  solution  of  the  residue  tests  2  and  3  are  ap- 
uie   irine  is  albDniinoua  it  is  better  first  to  separate  the 
*•  "J        ''^S  ^"'^  filtering  after  tlie  ailiiition  of  a  few  di-oi>s  of 
acid.     „    an  excess  of  urea  \»  present,  in  which  case  the  sjiecific 
't  genei  dly  high,  mix  e(|ual  volumes  of  the  urine  and  of  pure  1 
[1  in  a  tratck  glass,  which  io  to  be  floated  in  cold  water,  and  i 
,  01  urea  Joon  appears,  J 

an  excess  of  urea  is  not  present  an  equal  volume  of  pure  nitriel 
.lay  be  added  lo  i.^^  condensed  urine,  when  the  latter  will  soon  I 
me  semisolid  from  the  formation  of  nitrate  of  urea,  I 

iO.    Detection  of  C'rfft  In  the  Blood,  etc. — The  fresh-drawn  bloodll 
r  the  serum  of  coagulated  blood  is  mixed  with  four  times  its  volumftl 
alcohol,  by  which  the  albumens  are  precipitated.     Filter,  evaporstol 
filtrate  to  dryness,  and  exhaust  the  residue  with  absolute  alcohol; 
)rate  this  in  turn,  and  dissolve  the  residue  in  water.     Add  lo  tho  1 
ii:ci-y  solution  some  baric  hydrate  to  precipitate  any  phosphates  pres-l 
'nt,  filter,  and  pass  a  current  of  carbonic  anhydride  through  the  filtrate  ^ 
to  separate  any  baryta,  filter,  and  eviiporate  to  a  syrupy  consiatonce. 
Divide  this  syrup  into  three  parts;  add  a  drop  of  nitric  acid  to  the 
firet,  of  strong  oxalic  acid  solution  to  the  second,  and  test  the  third 
with  mercuric  nitrate.     Then  examine  the  first  and  second  with  the 
naked  eye  and  under  the  microscope,  and  note  any  ajipearance  of  crys- 
tullizjition.     If  the  crystals  are  supposed  to  be  comfHiiunde  of  urea,  it  is 
Well  to  compare  them  with  some  freshly  foimed  crystals  of  the  nitrate 
and  oxalate,  so  as  to  avoid  the  mistake  of  confounding  them  with  the 
crystals  that  frequently  form  of  alkaline  nitrates,  especially  in  presence 
of  extractives.     Incinerate  also:   there  is  a  residue  with  the  alkaline 
salts,  none  with  those  of  urea. 


OH.VPTER  YI. 


Source  and  Seat  of  Urea  Formation. — The  urea  is   most  probably 

derived  from  the  decoui|)osition  of  albuminous  bodies;  the  amount  of  it 
excreted  in  the  urine  may  therefore  be  taken  as  indicating  the  amount  of 
albumen  decomposition  occurring  in  the  body.  According  to  Parkes 
97  per  cent,  of  the  nitrogen  of  the  food  is  thus  eliminated  by  the  kid- 
neys. Bkciiamp,  many  years  ago,  described  the  formation  of  urea 
from  albumen  through  direct  oxidation  by  the  action  of  potassic  per- 
manganate in  alkaline  solutions,  and  although  his  statements  have  not 
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been  fully  confirmed,  he  still  maintains  the  accuracy  of  his  former 
view ;  and  in  this  he  has  been  supported  by  Ritter,  who  obtained  in 
the  same  way  0*3  per  cent,  from  white  of  egg,  0*33  per  cent,  from 
fibrin,  and  0*7  per  cent,  from  gluten. 

It  has  long  been  established  (Prevost  and  Dumas)  that  after 
extirpation  of  the  kidneys  urea  does  not  cease  to  be  formed,  but  ac- 
cumulates in  the  blood  and  tissues;  and  modern  opinion  is  in  favor  of 
the  view  that  instead  of  being  formed  in  the  kidneys  it  takes  its  origin 
in  the  blood  and  in  the  different  organs  of  the  body,  particularly  the 
liver  and  spleen.  But  it  is  possible  that  the  kidneys,  besides  merely 
excreting  the  already  formed  urea,  may  also  assist  in  transforming 
some  of  its  direct  antecedents  into  urea. 

There  is  evidence  of  a  continual  formation  of  kreatin  in  different 
parts  of  the  body,  as  in  nervous  tissues,  muscles,  spleen,  etc.,  and  it  is 
probable  that  this  kreatin  is  an  antecedent  of  urea.  Urea,  although 
present  in  the  blood,  is  not  generally  to  be  found  in  the  parts  just  re- 
ferred to  as  seats  of  kreatin  formation. 

The  urea  is  always  increased  by  a  diet  rich  in  proteids.  In  this 
case  it  is  probable  that  an  abundant  formation  of  leucin  and  tyrosin 
takes  place  in  the  intestine,  owing  to  a  breaking  down  of  peptones, 
and  by  their  absorption  and  further  decomposition  in  the  liver  (of  the 
leucin  at  any  rate)  urea  may  be  formed.  In  the  liver  much  urea  has 
been  found  (Meissner),  and  probably  many  of  the  metabolic  pro- 
cesses resulting  in  the  formation  of  urea  here  find  a  centre  of  activity. 
ScHULTZEN  is  of  Opinion  that  in  the  normal  metabolism  of  the  pro- 
teids carbamic  acid  (CO.NH^.OH)  and  ammonia  are  the  ultimate  pro- 
duets,  and  that  these  by  their  subsequent  dehydration  form  urea, 
COgNjHg  or  CON2II4.H2O  (ammonium  carbamate)  —  IlgO  =  CONgH^. 
It  is  thought  probable,  however,  by  others  that  all  the  nitrogen  of  urea 
comes  to  it  in  the  form  of  ammonia,  and  that  this  is  directly  united  to 
carbonic  acid  instead  of  carbamic  acid,  and  subsequently  dehydrateil 
(Salkowski). 

When  an  animal  is  fasting  the  tissue  waste  supplies  the  urea. 
Thus  100  grams  of  muscle  substance  contain  about  3*4  grams  of  ni- 
trogen, corresponding  to  7*286  grams  of  urea;  every  gram  of  urea 
accordingly  represents  13*72  grams  of  muscle  substance,  and  in  a  fast- 
ing animal,  when  a  day  or  two  have  elapsed,  every  gram  of  urea  in  the 
urine  is  equivalent  to  13*72  grams  of  muscle  waste.  After  fasting 
about  4  days  a  dog  weighing  20  kilos,  excretes  about  9  to  12  grams 
urea.  12  grams  X  13*72  =  164*6  muscle — that  is,  about  165  grams 
of  daily  muscle  waste.  If  now  we  give  to  the  dog  about  166  grams  of 
flesh  daily,  as  a  result  the  loss  of  weight  will  cease,  but  the  excretion 
of  urea  is  increased:  12  +  9  =  21  grams  is  about  the  amount  of  urea 
discharged,  showing  the  urea  due  to  tissue  waste  to  be  equal  only  to  f 
of  the  amount  previously  derived  from  that  source.  If  the  food  is 
doubled,  and  say  166  grams  X  2  =  330  grams  of  flesh  given,  the  ex- 
cretion is  12  X  2  +  6  =  30  grams,  indicating  a  decrease  in  the  tissue 
waste.  But  this  holds  good  only  up  to  a  certain  point.  In  eases  of 
fevers,  inflammation,  etc.,  where  the  food  ingested  is  comparatively 
small  in  quantity,  and  frequently  not  equivalent  to  more  than  5  grams 
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urea,  a  great  part  of  the  excreted  urea  must  be  due  to  tissue  waste. 
Thus,  take  a  case  of  pneumonia  with  a  daily  excretion  of  28  grams 
urea;  28  —  6  =  23  grams  would  then  arise  from  waste  of  tissue,  and 
calculating  this  as  muscle  waste  would  give  13*72  X  23  =  315*56 
grams  of  daily  muscle  waste. 

Amoimt  of  Urea  Excreted. — Among  different  individuals  the  differ- 
ence in  the  amount  excreted  in  the  twenty-four  hours  is  so  great  that 
it  is  almost  impossible  to  strike  a  mean.  The  following  estimates  have 
been  given  for  the  twenty-four  hours : — 

17'6  to  235  grams,  or  270  to  360  grains  (FLroGE). 
300  "  350      "  460  "  540      "       (Voir). 

250  "  400      "  390  **  620    ""       (Vooel). 

34-8  "  637  "      (OpPENHEiMand  Meyeb). 

The  influences  affecting  the  amount  are  various. 

1.  Constitution^  tSex,  Age,  and  Body  Weight. — According  to  most 
authorities  the  mean  for  healthy  7nen  may  be  taken  as  34  grams  (525 
grains)  in  the  24  hours,  or  0*5  gram  for  each  kilo,  of  body  weight;  and 
for  womeny  a  mean  of  26  grams  (386  grains),  or  0*4  gram  per  kilo. 
Calculated  after  Uhle's  data  the  urea  is  excreted  at  the  rate  of  about 
3^  grains  to  each  pound  of  body  weight. 

In  children  the  excretion  of  urea  in  proportion  to  the  body  weight 
is  nearly  double  that  of  the  adult  period;  but  up  to  one  month  it  is 
said  only  to  be  0*23  gram  for  each  kilo,  of  body  weight  (Parrot  and 
Robin). 

In  old  age  it  sinks  again  nearly  to  the  half  (UnLE).  While,  it  should  be 
observed,  an  increitse  in  body  weight  is  attended  with  increased  cxcretioo  of 
urea,  the  two  do  not  bear  a  direct  proportion  to  each  other. 

2.  The  charncter  (ind  iimount  of  the  food  has  the  greatest  effect  on  the 
amount,  this  reaching  its  maximum  some  six  hours  after  the  meal,  and  sinking 
to  a  minimum  in  the  early  morning.  The  discharge  of  urea  is  in  proportion 
to  the  amount  of  nitrourenous  food  invested,  and  with  the  urea  thus  discharged 
it  would  appear  that  one-seventh  of  the  latent  or  potential  energy  of  this  kind 
of  food  escapes  in  an  unexpended  state.  Fasting  lowers  the  urea  by  10  to  11 
grams;  excessive  consumption  of  water  may  raise  it  by  5  grams. 

Grams  in  the  24  hours. 

With  pure  animal  diet 51  to  92 

"      mixed  "  36   '^  :i8 

'•      vejj;etable  "  24   "  28 

"     non-nitrogenous  diet 16        (Fraxk). 

In  a  system  of  experiments  made  by  Oppeniieim  upon  himself  he  found 
that  on  a  diet  consisting  of  400  grams  bread,  300  grams  meat,  and  1)»>^ 
grams  milk  the  urea  eliminated  after  four  da^'s  became  very  constant.  The 
mean  of  seven  days  gave  34()  grams --:1G'2  grams  nitrogen;  1*1  gram  was 
passed  in  the  f;eces.  The  total  nitrogen  in  the  food  was  =  ISO  grams,  ana 
the  nitrogen  excreted  ITo  grams,  the  difference,  1*6  gram,  being  retained  m 
tlu;  body. 

The  maximum  corresponds  to  the  time  of  taking  the  largest  amount  of 
albuminoids  as  food.  In  the  first  four  hours  after  the  midday  meal  0  24  gra"^ 
was  eliminated  per  hour  in  excess  of  the  average;  during  the  night  the  excre- 
tion fell  below  the  average.     A  24  hours'  fast  caused  an  elimination  of  10  to 
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11  grams  below  the  usual  amount.  The  quantity  was  raised  by  the  ingestion 
of  large  quantities  of  fluid  and  of  quinine.  Coffee  exerted  little  effect,  and 
the  same  was  the  case  afler  excessive  perspiration. 

3.  ThQ  varying  organic  metamorphoses  occurring  in  the  hody  dependent 
on  the  physical  and  mental  activity^  etc.,  affect  the  urea  considerably.  But 
the  weight  of  evidence  is  now  entirely  in  favor  of  regarding  muscle  vxyrk  as 
not  tending  to  increase  the  amount  of  urea  excrered  (  Voit),  or  to  do  so  only 
to  a  very  slight  extent  (Parkes),  and  that  only  afler  excessive  muscular  exer- 
tion (NoYBS,  Enqelmann)  ;  so  that  it  is  most  likely  that  the  milscle  works 
at  the  expense  of  the  carbohydrates  and  fats  ingested  instead  of  the  albumens. 
It  is  possible  that  when  the  urea  is  increased  during  muscular  exertion  it  may 
be  due  to  some  accompanying  dyspnoea,  and  dyspnoea,  according  to  Fraenkel, 
causes  an  increased  decomposition  of  albumen.  Kellner's  investigations  with 
horses,  however,  show  that  an  increase  in  the  daily  work  led  to  an  increase  in 
the  nitrogenous  materials  excreted  in  the  urine — an  increase  that  disappeared 
when  the  work  was  lessened,  and  that  these  results  ensued  with  food  rich  or 
or  poor  in  proteids.  But  it  may  be  stated  generally  that  muscle  vjork  does  not 
produce  any  increase  in  the  elimination  of  nitrogen  unless  the  supply  of  cnrbo- 
hydrates  for  the  purpose  fails.  During  the  day  there  is  an  average  excretion 
of  1.4  gram  per  hour,  and  during  the  night  1*07  gram  (E.  Smith).  An  ele- 
vated temperature  lowers  the  amount  of  urea ;  on  the  other  hand  an  hour's  im- 
mersion in  a  water  bath  at  89-5°  increased  the  urea  one-third  (Schleich). 

4.  Influence  of  Drugs. — While  diuretics  increase  the  amount  of  water 
they  do  not  necessarily  augment  the  urea.  Thus  alcohol  and  digitalis  in 
sufficient  doses  diminish  the  urea.  A  similar  diminution  is  effected  by  mer- 
curial preparations.  Phosphorus  in  poisonous  doses  lessens  the  urea,  pro- 
ducing, after  a  time,  fatty  degeneration  of  the  kidney.  Arsenic  and  alcohol 
are  said  to  produce  a  similar  result,  but  the  action  is  both  slower  and  weaker. 
Phosphorus  as  well  as  arsenic  probably  induce  a  temporary  increase,  for  after 
a  subcutaneous  injection  of  phosphorus  in  olive  oil  the  urea  is  found  aug- 
mented (Cazeneuve).  Sulphate  of  quinine  first  lessens  the  uric  acid  and 
then  the  urea;  but  the  ingestion  of  2  grams  in  24  hours  raised  the  elimination 
by  4  grams  (Meyer  and  Oppenheim).  The  urea  is  also  increase  by  the 
minertd  acids^  and  by  excess  of  the  alkaline  chlorides. 

5.  Pathologically  it  is  both  diminished  and  increased,  a  diminution  in- 
dicating cither  a  lessened  activity  in  protein  metamorphoses  or  a  retention  of 
urea  in  the  body.  • 

(</)  The  amount  is  diminished  in  profuse  sweating,  diarrhoea  cholera,  or 
any  prolonged  discharge  from  the  body;  in  certain  diseases  of  the  kidneys, 
specially  in  the  later  stages  of  chronic  Bright's  disease;  in  most  chronic,  mal- 
adies or  cachectic  conditions,  as  in  anaemia,  leukaemia,  osteomalacia,  gout,  and 
chronic  rheumatism;  during  the  period  of  remissions  of  high  fevers;  in  severe 
neuralgia  and  certain  other  neuroses,  as  melancholia,  hysteria,  and  catalepsy ; 
in  some  diseases  of  the  liver,  especially  acute  yellow  atrophy ;  and  in  lepra,  pem- 
phigus, etc. 

(6)  It  is  increased  at  the  beginning  of  the  crisis  in  fevers,  more  or  less  in 
proportion  to  the  elevation  of  temperature — this  is  well  marked  in  typhus. 
In  intermittent  fevers  the  urea  and  extractives  increase  before  the  setting  in  of 
the  cold  stage,  and  attain  their  maximum  at  the  beginning  of  the  hot  stage. 
In  pneumonia  it  increases  during  the  febrile  period,  40  to  70  grams  being 
eliminated  daily,  but  after  about  the  fifth  day  the  amount  generally  falls  to  25 
to  28  grams.  In  diabetes  more  urea  is  excreted  than  by  a  healthy  person  on 
the  same  diet,  and  in  an  amount  containing  more  nitrogen  that  can  be  ac- 
counted for  by  the  food  ingested;  an  increased  consumption  must  therefore 
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occur  in  the  albumen  of  the  tissues,  and  the  urea  may  rise  to  150  grams 
(2,315  grs.) 

An  increase  is  also  seen  in  meningitis,  pleurisy,  acute  tuberculosis,  acute 
rheumatism  with  endocarditis,  pyaemia,  and  hepatic  congestion ;  temporarily 
also  during  the  absorption  of  transudations  and  after  bleeding.  In  phthisis 
more  nitrogen  may  be  eliminated  in  the  urea  than  is  present  in  the  food  con- 
sumed (Oppenheim). 

When  the  urine  is  not  secreted,  or  if  secreted  is  retained  in  any  way, 
either  from  removal  of  the  kidneys  or  occlusion  of  the  ureters,  etc.,  its  con- 
stituents accumulate  in  the  blood  and  organs.  After  a  time  the  condition 
termed  iin^mia  is  developed,  not  solely,  be  it  remembered,  as  the  result  of  the 
retention  of  urea  or  its  factors  in  the  system,  but  also  in  part  from  the  reten- 
tion of  the  extractives  and  salts,  such  as  the  phosphates  and  sulphates  of 
potash,  etc.  In  uraemia  the  muscles  and  nerv'es  are  affected,  a  sense  of  fatigue, 
muscular  debility,  and  great  drowsiness  being  established,  and  finally  coma 
terminating  in  death,  these  symptoms  being  generally  accompanieil  by  vomit- 
ing, cramps,  and  con^nllsions. 

Zalesky's  experiments  appear  to  show  that  the  muscular  debility  and 
somnolence  are  the  only  constant  symptoms,  and  that  these  are  not  dependent 
on  the  changes  resulting  from  the  decomposition  of  the  urea  into  ammonium 
carbonate,  as  suggested  by  3IrNK.  Instead  of  an  accumulation  of  urea  or 
excess  of  carbonic  acid  or  ammonic  carbonate  in  the  blood  and  tissues  Oppler 
and  Zalksky  found  a  marked  accumulation  of  kreatin  or  kreatinin.  But 
other  observers  have  noted  an  increase  of  the  urea  in  the  24  hours  of  0*026 
to  0-20G  and  0*276  per  cent. ;  the  results  being  the  same  whether  the  kidneys 
were  removed  or  the  ureters  tied,  as  the  distention  of  the  tubules  in  the  latter 
case  soon  rendered  the  epithelium  incapable  of  pcrfonning  its  functions  (Gr(:- 
HANT,  Gs('iiKiT)LKN).  l*art  of  {\u)  UYCii  that  is  poured  out  in  some  of  tlu^ 
eases  into  the  intostint*  is  very  probably  doeoni]H)sed  into  amnionic  carbonate, 
and  possibly  accounts  for  the  cramps  and  vomiting.  In  the  vomit  and  sttK»ls  of 
cholera  carbonate  of  animonia,  most  likely  derived  in  this  way.  is  often  j>ri^Mit 
in  abundance. 


CHAPTER  VII. 

QUANTITATIVE  DETERMINATION  OF  UREA. 

In  any  quantitative  or  volumetric  analysis  of  the  urine,  as  this 
fluid  varies  so  much  in  composition  at  different  times  of  the  day  and 
nio:lit,  owinir  to  tlie  varvin;:  conditions  of  alimentation,  exercise,  etc.. 
the  experiments  to  be  of  value  should  be  made  with  portions  of  the  mixed 
total  urine  passed  in  the  24  hours.  To  collect  the  urine,  vessels  of 
two  litres'  capacity  are  generally  sufficient,  unless  in  cases  of  diabetes 
mellitus.     If  sediments  form  the  supernatant  liquid  is  employed. 

A.  Liebig's  Method  {Titration  witJi  Morcuric  Xitrate), 
In  this  method  the  mixture  of  urine  and  baryta  is  not  neutralized 
during  the  addition  of  the  mercuric  nitrate,  and  the  end  of  the  reac- 
tion is  determined  bv  allowin<j:  a  drop  of  the  mixture  to  run  into  a 
drop  of  saturated  soluton  of  sodic  carbonate  on  a  white  tile,  10  c.c.  ot 
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Liebig's  solution — made  by  dissolving  71 '5  grams  mercury  in  nitric 
acid  and  diluting  up  to  a  litre  being  equivalent  to  0*1  gram  urea. 

A.  Principle  of  the  Method. — If  to  a  dilute  solution  of  urea  (about 
2  per  cent.)  a  weak  mercuric  nitrate  solution  is  added,  an  abundant 
white  precipitate  is  formed,  having  the  composition  (CON2H4)2Hg(N03)2 
-f  3HgO,  and  containing  urea  and  mercuric  oxide  in  the  proportion  of 
10  to  72  :— 

(CONJIJg  =  120 
Hg(N03)2    =21GHgO 
3HgO         =  648. 

Accordingly  a  solution  of  72  grams  of  mercuric  oxide  in  nitric 
acid  and  diluted  to  1,000  c.c.  should  exactly  precipitate  a  solution 
containing  10  grams  of  urea.  2CON2H,  +  4Hg(N03).,  +  3H2O  = 
[2CON2H,(N03)2Hg  +  3HgO]  +  6HNO3.  A  solution  of  sodic  car- 
bonate gives  a  yellow  precipitate  with  mercuric  oxide.  If  therefore  a 
portion  of  the  mixture  of  the  urea  and  mercuric  nitrate  is  removed 
and  tested  from  time  to  time  with  the  sodic  carbonate,  only  a  white 
precipitate  will  be  obtained  until  the  whole  of  the  urea  has  been  com- 
bined with  the  mercuric  nitrate,  and  an  excess  of  the  latter  is  present; 
when  this  occurs  a  little  of  the  mixture  tested  with  sodic  carbonate 
will  give  the  yellow  precipitate.  To  obtain  this  reaction,  however,  a 
slight  excess  of  the  mercuric  nitrate  must  be  present,  according  to 
LiEBiG  5*2  milligrams  for  every  c.c.  of  the  mercuric  solution,  or  5*2 
^rams  for  the  litre.  Therefore,  so  that  each  c.c.  of  the  mercuric  nitrate 
solution  should  correspond  to  10  milligrams  of  urea  and  give  the  yel- 
low reaction  with  the  sodic  carbonate  indicator,  72 +  5-2  =  77*2 
grams  mercuric  oxide  should  be  present  in  each  litre. 

The  following  liquids  and  pieces  of  apparatus  are  necessary : — 

(1)  A  mercuric  nitrate  solution  of  which  1  c.c.  =  0*01  gram  or 
10  milligrams  urea. 

(2)  A  baryta  mixture  consisting  of  cold  saturated  solution  of  baric 
hydrate  (2  vols.)  and  of  baric  nitrate  (1  vol.) 

(3)  A  moderately  dilute  solution  of  sodic  carbonate  or  bi-carbonate 
to  act  as  indicator. 

(4)  A  white  porcelain  plate^  upon  which,  or  on  a  piece  of  glass 
resting  on  a  black  background,  drops  of  the  sodic  carbonate  solution 
are  to  be  placed. 

(o\  A  Mohrs  burette, 

(6)  Three  pipettes,  one  to  contain  10  c.c  for  the  baryta  mixture ; 
the  second  15  c.c.  to  measure  the  filtrate  after  the  precipitation  of  the 
phosphates ;  and  the  third,  20  c.c.  to  deliver  the  urine. 

B.  Preparation  of  the  Mercuric  Nitrate  Solution, — The  red  oxide 
is  much  more  diflBcult  to  dissolve  than  the  yellow  oxide,  so  the  latter 
may  be  used  in  preference.  The  oxide  is  to  be  dried  for  some  hours 
in  a  porcelain  dish  over  a  water  bath,  77*2  grams  of  it  weighed  and 
dissolved  with  the  aid  of  heat  in  as  little  dilute  nitric  acid  (about  equal 
parts  of  water  and  acid)  as  possible,  fresh  acid  being  added  as  required 
until  the  solution  is  completed.  Excess  of  acid  is  next  to  be  expelled 
by  evaporating  the  solution  to  a  syrupy  consistence,  and  a  little  dis- 
tilled water  added ;  more  and  more  water  is  gradually  mixed  with  it, 
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and  then  the  whole  is  to  be  made  up  to  1,000  c.c.  with  distilled  water. 
Often  some  basic  nitrate  separates  when  the  dilution  is  made,  but  this 
is  less  likely  to  occur  if  the  water  is  added  very  slowly  at  first ;  if  it 
does  occur  the  basic  nitrate  should  be  allowed  to  settle,  and  after  the 
supernatant  fluid  has  been  decanted  a  few  drops  of  nitric  acid  are 
added  to  the  former  and  heat  applied.  The  solution  thus  obtained  is 
returned  to  the  rest  of  the  solution,  which  is  to  be  made  up  to  500  c.c. 
with  distilled  water,  then  laid  aside  for  12  hours,  and  the  remaining 
500  c.c.  water  added  in  whole  or  in  part,  and  then  well  shaken. 

Titration  of  the  Mercuric  Solution,  1.  Preparation  of  2  per  coit. 
Urea  Solution. — Place  some  commercial  urea  in  a  porcelain  dish  and 
add  to  it  absolute  alcohol,  keeping  the  urea  in  excess,  so  that  a  little  of 
it  remains  undissolved ;  then  heat  over  a  water  bath,  filter  the  alco- 
holic solution  and  let  it  cool ;  after  24  hours  pour  off  the  supernatant 
liquid  from  the  deposited  crystals  and  dry  them  on  filter  paper.  Place 
2 J  grams  in  a  watch  glass  over  some  sulphuric  acid  under  the  receiver 
of  an  air  pump,  exhaust,  and  weigh  after  24  hours ;  if  any  loss  of 
weight  occurs  leave  the  urea  under  the  exhausted  receiver  for  another 
24  hours.  Now  weigh  2  grams,  and  having  dissolved  it  in  a  little 
water  make  up  the  solution  to  100  c.c.  with  more  water. 

When  pure  urea  can  be  had  take  2  grams  of  it  that  has  been  dried 
at  100°,  and  dissolve  in  100  c.c.  distilled  water. 

2.  Measure  10  c.c.  of  the  above  urea  solution  into  a  small  beaker, 
and  from  a  Mohr's  burette  let  18  c.c.  mercuric  solution  flow  into  it; 
stir  it  rapidly  with  a  small  glass  rod,  and  by  means  of  the  rod  bring  a 
drop  of  the  mixture  into  contact  with  a  drop  of  the  dilute  S(xJic 
carbonate  solution  spread  out  on  the  white  j)oreelain  or  glass;  if  only 
a  white  color  appears  at  the  point  of  contact,  then  add  an  additional 
c.c.  of  the  mercuric  solution,  and  after  mixing  again  remove  another 
drop  and  test  as  bt^fore.  If  a  yellow  color  at  once  appears  at  the  line 
of  contact  of  the  two  drops  the  whole  of  the  urea  has  been  precipi- 
tated, and  we  have  ascertained  that  19  c.c.  mercuric  solution  =  10  c.c. 
urea  solution. 

Repeat  the  experiment,  allowin«x,  however,  only  18*5  c.c.  mercuric 
solution  to  flow  into  10  c.c.  urea  solution,  and  test  as  before.  Kn^ 
yellow  color  appears  at  once  on  the  contact  of  the  drops,  then  so  far 
the  first  experiment  has  been  confirmed;  an<l  the  jirocess  may  l>e  re- 
peated to  insure  accuracy,  adding  the  19  c.c.  at  once. 

It  is  necessary  now  to  dilute  the  mercuric  solution  so  that  20  c.c. 
(instead  of  19)  =  10  c.c.  urea  solution. 

19  :  1  r=r  1000  :  x.  x  =  o'l'G,  We  therefore  add  52-6  c.c.  to 
1.000  c.c.  mercuric  solution  and  shake  well.  (Of  course,  if  the  mer- 
curic solution  has  been  made  uj)  to  800  or  i>00  c.c.  instead  of  1,000  c.c, 
this  must  be  borne  in  mind  in  making  the  calculation.)  The  solution 
now  is  of  such  a  strength  that  10  c.c.  =  0*1  gram  urea.  It  can  ne 
preserved  a  long  time  if  kept  in  well-filled  stoppered  bottles. 

c.  Titration  (f  the  Urea  in  Urine,  Separation  of  the  Phosphatei- 
— A<ld  a  few  drops  of  the  mercuric  nitrate  to  a  solution  of  phosphate 
of  soda,  an<l  a  white  precipitate  will  be  fonned.  Now  the  urine  con- 
tains phosphates,  which  we  see  precipitate  mercuric  nitrate;  therefore 
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before  attempting  the  estimation  of  urea  by  means  of  the  standard 
mercuric  solution  the  phosphates  must  first  be  separated.  This  is 
effected  by  adding  to  the  urine  half  its  volume  of  the  baryta  mixture. 
Baryta  Mixture, — This  is  prepared  by  boiling  one  part  caustic 
baryta  (BallgOa+SHjO)  with  10  parts  of  water,  then  allowing  the 
solution  to  cool  and  decanting.  The  solution  of  the  nitrate  of  baryta 
is  made  in  the  same  way ;  the  two  solutions  thus  prepared  are  mixed 
in  the  proportion  of  two  parts  of  the  caustic  baryta  to  one  part  of  the 
nitrate. 

Process. — Measure  20  c.c.  of  the  urine  in  a  small,  clean  and  dry 
beaker,  and  add  to  it  10  c.c.  baryta  mixture;  stir  well  together  and  in 
a  few  minutes  throw  upon  a  dry  filter,  collecting  the  filtrate  in  another 
clean  and  dry  beaker.     (It  is  more  advantageous  to  measure  out  40  c.c. 
of  the  urine  at  once,  and  to  add  to  it  20  c.c.  of  the  baryta  mixture. 
By  acting  in  this  way  there  will  be  suflScient  filtrate  for  the  two  ex- 
periments required.)     Take  15  c.c.  of  the  filtrate,  corresponding  to 
10  c.c.  urine,  and  having  placed  a  series  of  drops  of  the  sodic  carbon- 
ate solution  upon  the  white  plate  allow  the  mercuric  nitrate  to  flow 
from  a  Mohr's  burette,  in  small  quantities  at  a  time,  into  the  urine 
filtrate,  having  first  noted  the  upper  level  of  the  fluid  in  the  burette. 
After  eaeh  addition  stir  briskly  with  a  small  glass  rod,  and  when  a 
distinct  precipitate  no  longer  seems  to  form  remove  a  drop  of  the  con- 
tents on  the  end  of  the  rod,  and  bring  it  in  contact  with  one  of  the 
drops  of  sodic  carbonate.     The  addition  of  the  mercuric  nitrate  is  to 
be  continued  and  the  mixture  tested  as  before  until  a  distinct  yellow 
color  immediately  appears  at  the  point  of  junction  of  the  two  drops. 
The  amount  of  mercuric  nitrate  added  is  then  to  be  read  off  and  the 
experiment  repeated ;  but  now  the  greater  part  of  the  mercuric  nitrate 
required  is  to  be  added  at  once;  thus:  if,  say,  in  the  first  experiment 
18  c.c.  were  added  before  the  yellow  reaction  was  obtained,  in  the 
second  experiment  add  16  or  17  c.c.  at  once  before  testing  with  the 
sodic  carbonate;  and  if  in  the  second  experiment  the  end  reaction  is 
obtained  with  17*5  c.c,  then  the  urine  contains  17*5  grams  urea  in  the 
litre,  or  1*75  per  cent. 

Necessary  Corrections.  I.  More  than  2  per  cent.  Urea. — As  the  mer- 
curic nitrate  solution  has  been  prepared  to  titrate  solutions  of  urea  containing 
about  2  per  cent.,  if  the  urine  contains  much  more  or  much  less  certain  cor- 
rections are  required  before  calculating  the  percentage.  We  know  that  to 
obtain  the  end  reaction  with  the  sodic  carbonatQ  an  excess  of  5  2  grams  mer- 
curic oxide  must  be  present  in  the  normal  solution  which  has  been  titrated 
with  the  2  per  cent,  urea  solution.  If,  however,  we  are  dealing  with  a  urine 
containing,  say,  4  per  cent,  urea,  then  too  great  an  excess  will  be  present 
when  the  terminal  reaction  is  obtained.  Accordingly  we  should  in  such  a 
case,  before  testing  with  the  sodic  carbonate,  add  to  the  mixture  half  the  num- 
ber of  c.c.  of  water  that  have  been  added  of  mercuric  nitrate  above  20  c.c. 
Suppose  30  c.c.  were  required  in  the  first  experiment,  the  excess  is  10  c.c; 
then  5  c.c.  water  must  be  added  before  beginning  the  second  experiment. 

II.  //6M  than  2  per  cent.  Urea. — Deduct  0-1  c.c.  for  every  4  c.c.  mercuric 
solution  employed  less  than  20  c.c. 

III.  Correction  for  Sodium  Chloride. — (j)  Let  the  student  take  a  dilute 
solution  of  sodic  chloride  (about  J  per  cent.)  and  drop  into  it  a  few  crystals  of 
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urea ;  now  to  this  let  him  add  standard  mercuric  nitrate.  No  precipitate  will 
be  formed  for  some  time,  or  if  a  white  precipitate  appears  it  rapidly  dissolves; 
soon,  however,  a  permanent  precipitate  is  formed,  (ij)  Let  him  next  add  a  few 
drops  of  a  solution  of  mercuric  chloride  (HgClj")  to  an  acid  solution  of  urea, 
and  he  will  notice  that  no  precipitate  appears.  Urea,  then,  is  precipitated  by 
mercuric  nitrate,  but  not  by  mercuric  chloride  in  an  acid  solution ;  and  the 
precipitation  is  interfered  with  by  the  presence  of  sodium  chloride,  owing  to 
the  formation  of  mercuric  chloride  by  the  decomposition  of  the  mercuric 
nitrate.  And  so  long  as  any  sodium  chloride  remains  no  precipitate  of  urea 
will  occur.  As  the  urine  normally  contains  sodium  chloride  some  correction 
must  therefore  bo  made  for  it.  In  accurate  estimations  the  amount  of  this 
salt  present  should  be  estimated  by  a  separate  experiment  but  for  ordinary 
purposes,  and  particularly  with  urines  not  proceeding  from  cases  of  fever  or 
pneumonia,  the  correction  may  be  applied  of  deducting  1*5  c.c.  to  2  c.c.  from 
the  total  c.c.  of  mercuric  nitrate  solution  employed.  In  some  acute  diseases, 
on  the  other  hand,  no  correction  requires  to  be  employed  at  all,  on  account  of 
the  small  amount  of  sodium  chloride  present  in  the  urine  in  these  cases. 

The  chloride  may  also   he  first  separated  hy  meaiis  of  the  addition  of 
silver  nitrate.     The  solution  is  prepared  by  dissolving  29*075  grams  fused  sil- 
ver nitrate  iu  1  litre  distilled  water  (Ic.c.  =  0*01  NaCJ).     Process:  (j)  Take 
20  c.c.  of  the  urine,  and  having  placed  it  in  a  small  flask  containing  40  c.c.  up  to 
a  mark  in  its  neck,  add  a  few^  drops  neutral  potassic  chromate  (K.,CrO,),  and 
allow  the  silver  nitrate  to  flow  in  with  frequent  stirring  until  a  permanent  dark 
red  coloration  shows  itself,  indicating  the  disappearance  of  the  chloride.    The 
mixture  is  then  to  be  made  up  to  40  c.c.  with  water  and  thrown  on  a  dry  filter. 
The  filtrate  is  to  be  titrated  in  the  ordinary  way,  20  c.c.  being  equal  to  10  c.c. 
urine,     (ij)  Or,  having  ascertained  the  number  of  c.c.  silver  solution  necessary 
to  precipitate  the  chlorides  in  20  c.c.  urine,  add  15  c.c.  baryta  mixture  to 
30  c.c.  urine,  and  to  30  c.c.  of  the  filtrate  add  the  necessary  amount  of  silver 
nitrate  solution  (to  precipite  the  chlorides  in  the  20  c.c.  of  urine) ;  thi.<  dom-, 
filter  and  titrate  the  filtrate  with  the  mercuric  nitrate.     Correction  mu:?t  here 
be  made  for  dilution. 

The  titration  Avith  the  mercuric  nitrate  may  also  be  performed  at  once 
without  a  previous  ri'moval  of  the  silver  chloride  precipitate. 

(iij )  Instead  of  precipitating  the  chlorides  two  portions  of  the  urine  filtrate 
may  be  taken  of  15  c.c.  each.  Xcutralize  one  of  them  with  nitric  acid,  and  cau- 
tiously add  the  mercuric  solution  until  a  distinct  cloud  is  produced.  The  other 
])ortion  is  to  be  titrated  in  the  usual  way,  but  before  making  the  calculation 
deduct  the  number  of  c.c.  recjuired  in  tlie  previous  experiment  to  produce  the 
cloudy  precipitate. 

IV.  FafJioloqical  Urine.  ( a')  Presence  of  Alljiimen. — If  in  considerable 
amount  the  albumen  should  be  separated  before  employing  Liebig's  process. 
This  can  readily  be  done  by  boiling  100  c.c.  of  the  urine  for  10  minutes  or  so 
in  a  porcelain  dish,  after  the  addition  of  three  or  four  drops  of  strong  acetic 
acid,  filtering  when  cool,  and  washing  the  precipitate  so  as  to  make  the  filtrate 
up  to  loo  c.c.  It  is  then  ready  for  titration  when  the  phosphates  have  been 
removed  by  the  ])aryta  mixture  in  the  ordinary  way.  A  little  urea  is  probably 
lost  in  the  process. 

{h)  The  Urine  is  Ammoniacal. — Urea,  we  have  seen,  decomposes  readily 
into  ammonium  carbonate.  If  the  decomposition  has  not  proceeded  far  fairly 
accurate  results  will  be  obtained  by  direct  titration ;  but  if  much  ammonia  is 
present  it  will  be  necessary  to  make  two  estimations,  one  of  the  ammonium 
carbonate  and  one  of  the  urea  still  present  in  the  urine,  the  ammonium  salt 
having  been  previously  expelled  by  boiling  the  urine  for  some  time. 
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The  ordinary  alkalimetric  process  is  employed  in  determining  the  ammonic 
carbomtte,  normal  sulphuric  acid  (49  grams  to  1,000  c.c.  water)  being  em- 
ployed. 50  c.c.  of  the  urine  are  taken,  a  few  drops  of  litmus  solution  added, 
and  the  acid  allowed  to  flow  in  from  a  burette  till  a  permanent  red  is  obtained. 
To  expel  the  liberated  carbonic  acid  the  whole  should  be  boiled,  and  if  the 
blue  color  reappears  the  addition  of  the  acid  is  repeated.  Each  c.c.  of  the 
acid  corresponds  to  0*03  gram  urea.  50  c.c.  urine  requires,  say,  2*5  c.c.  nor- 
mal acid,  therefore  100  =  5,  and  as  each  c.c.  of  the  acid  =  0-03,  5  c.c.  =  0-15 
per  cent.  urea.  This  is  to  be  added  to  the  urea  found  by  the  direct  titration 
with  mercuric  nitrate.  Before  doing  the  latter  40  c.c.  of  the  urine  are  to  be 
treated  with  20  c.c.  baryta  mixture  in  the  ordinary  way,  and  the  filtrate  boiled 
for  some  time,  the  loss  by  evaporation  being  made  up  by  the  addition  of  water. 
More  accurate  results,  however,  are  obtained  by  mixing  40  c.c.  urine  with  20 
c.c.  baryta  mixture,  and  then  distilling,  the  ammonia  evolved  being  collected 
in  some  normal  sulphuric  acid,  which  is  aflerward  titrated  with  normal  soda 
solution. 

(c)  In  addition  to  the  error  from  the  presence  of  sodium  chloride,  Liebig's 
process  is  liable  to  another  error  from  the  urine  containing  certain  bodies  that 
precipitate  the  mercuric  nitrate.  This  may  occasionally  require,  even  in 
healthy  urine,  a  correction  amounting  to  2,  3,  or  even  4  per  cent.  (Kletz- 
insky),  and  in  certain*  diseases  it  may  rise  much  higher.  But  the  error  is 
compensated  for  to  a  certain  extent  by  the  diminished  amount  of  sodium  chlo- 
ride present  in  many  of  these  cases. 

(j)  The  urine  may  contain  leucin  and  tyrosin.  If  much  of  these  bodies 
is  present,  as  in  acute  yellow  atrophy  of  the  liver,  it  is  better  to  estimate  the 
urea  by  one  of  the  methods  given  subsequently  for  the  determination,  as  the 
mercuric  nitrate  is  precipitated  by  leucin  and  tyrosin. 

(ij)  The  accuracy  of  the  process  is  interfered  with  by  the  presence  of 
acetamid,  sarcosin,  glycocin,  and  taurin. 

(iij)  The  process  is  not  accurately  applicable  after  the  use  of  large  doses 
of  salts  of  potash,  iodine,  bromine,  and  chlorine,  all  of  which  act  more  or  less 
in  the  same  way  as  sodium  chloride.  Large  doses  of  salicylic  and  benzoic  acid 
are  likewise  detrimental. 

(iv)  The  presence  of  kryptophanic  acid,  which  precipitates  mercuric 
nitrate,  is  gaid  sometimes  to  interfere  with  Liebig's  process  to  the  extent  of  § 
to  10  per  cent.  (Thudichum). 

As  a  rule,  when  one  of  these  bodies  is  present  in  any  quantity  it  is  best  to 
resort  to  Bunsen's  or  HitFNERS  process,  although  fairly  accurate  results  will 
be  obtained  by  first  precipitating  the  urine  with  neutral  acetate  of  lead,  and 
8ubsef|uently  removing  excess  of  lead  from  the  filtrate  by  a  current  of  sulphu- 
retted hydrogen.  The  filtrate*  thus  obtained  is  warmed  for  some  time,  to  drive 
off  the  hydric  sulphide,  and  then  titrated  in  the  usual  way. 

Modifications  of  the  Process. — 1.  Dkacjgendorff  recommends  the 
use  of  the  chloride  (HgCla)  instead  of  the  oxide.  Dissolve  96-855 
grams  in  water,  precipitate  with  dilute  caustic  soda  or  potash,  thor- 
oughly wash  the  precipitate  by  decantation,  and  having  carefully  dis- 
solved it  in  nitric  acid,  dilute  nearly  to  1,000  c.c.  and  titrate  with  urea 
solution  (2  per  cent.)  in  the  ordinary  way. 

2.  HOPPE  Seyler  allows  the  mercuric  nitrate  to  flow  slowly  into 
the  urine  until  precipitation  appears  to  have  ceased,  and  then  he  nearly 
neutralizes  the  free  acid  with  sodic  carbonate;  a  drop  of  the  mixture 
is  next  brought  in  contact  with  a  drop  of  bicarbonate  of  soda  solution 
in  a  watch  glass  placed  over  black  paper.    This  neutralization  is  effected 
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from  time  to  time,  so  as  to  maintain  a  toleraltly  constant  degree 
kalinity.    10  c.c.  of  Lidrig's  solution  are  taken  as  =  0'1031  gram 

3.  Nejtiauer  and  Voit  do  not  noutraJize  with  carbonate  of  soda, 
and  the  eml  reaction  is  determined  aa  in  the  original  process,  but  they 
regard  10  c.c.  of  Liebig's  mercuric  nitrate  solution  as  equivalent  to 
0'1183  gram  urea, 

4.  PflCueu  considers  that  the  fluid  should  be  neutralized  from 
time  to  time  as  the  mercuric  nitrate  is  added.  This  he  effects  iiy  using 
a  solution  of  sodic  cartionate  containing  53  grams  in  the  litre.  The 
carbonate  is  readily  olttained  by  heating  the  bicarbonale  for  some  time 
over  a  sand  l>atb.  As  the  indicator  he  uses  the  bicarlionate.  Instead 
of  the  oxide  PflCger  recommends  the  use  of  pure  mercury,  71  -6  grams 
of  which  can  readily  be  measured  by  means  of  one  of  his  tubes;  or,  if 
only  impure  mercury  is  employed,  a  solution  of  empirical  strength  is 
first  prepared,  and  this  diluted  until  it  possesses  a  specific  gravity  of 
1*0998  at  20'5°-  Then  by  a  preliminary  experiment,  say  after  IIoppe 
Seyler'^  method,  the  amount  of  mercuric  nitrate  is  approximately 
obtained;  in  the  second  experiment,  this  amount,  minus  1  to  2  c.c,  is 
poured  in,  the  sodic  carbonate  solution  then  abided  so  as  to  neutralize 
the  free  acid,  and  the  titration  completed.  A  correction  is  also  made 
for  tlie  continual  dilution  of  the  fluids.  Under  these  circumstances  he 
finds  10  c.c.  Liebig's  solution  to  be  e(|uivalent  to  0099  gram  urea. 

If  the  urine  ia  too  concentrated  it  ia  to  be  diluted,  while  if  it  con- 
tains much  less  than  2  per  cent,  urea  the  following  correction  ia  applied : 
From  the  sum  of  the  urea  solution  and  of  the  soda  solution  employed 
in  the  neutralization,  the  number  of  c.c.  of  mercuric  solution  employed 
are  to  be  subtracted:  the  difference  thus  obtained  multiplied  by  U'08 
will  give  the  true  number  of  c.c.  of  the  mercuric  solution.     Suppose 

20  c.c.  of  a  urine  or  a  solution  of  urea  containing  1  per  cent,  require 

21  c.c.  mercuric  nitrate  to  give  the  terminal  reaction,  and  that  the 
aodic  carbonate  solution  required  for  neutralization  amounts  to  13-95 
c.c;  the  sum  of  these  =  33-95;  subtract  from  this  the  21  c.c.  of 
mercuric  nitrate,  33-95  —  21  =  12-95  c.c:  this  multiplied  by  0-08 
=  1*03(5,  or  in  round  numbers  1.  If  this  is  taken  from  the  mercuric 
nitrate,  20  c.c.  will  represent  the  corrected  amount  of  mercuric  nitrate 
required. 

B.  Estimation  of  Urea  by  iti  Coaversion  into  Hltrosen  Gas. 
This  method  is  founded  on  the  decouiiiosilion  of  the  urea  by  the 
acti'm  of  such  a  body  as  a  hypobromite:  CON,Hj  -\-  -SNaBrO  =  CO, 
+  N,  -)-  2IIjO  4-  3NaBr.  1  gram  urea  contains  theoretically  0'46i}6 
gram  of  nitrogen  =  372-7  cc  In  practice,  however,  when  the  urea 
is  decomposed  by  the  action  of  hypobromites,  only  354-3  c.c.  are- 
obtained.  This  decomposition  method  therefore  gives  results  that  are 
a1)out  8  per  cent,  leas  than  the  toial  nitrogen  present.  But  urine,  as 
we  have  seen,  contains  several  other  nitrogenous  constituents,  such  as 
urates  and  kreatinin,  which  yield  up  a  small  proportion  of  their  nitro- 
gen. For  ordinary  purposes  this  may  lie  disregardeil,  but  if  required 
tTiese  boiJies  can  be  separated  by  precipitation  of  the  kreatinin  with  an 
alcoholic  solution  of  chloride  of  zinc,  and  the  unites  by  acelato  of  lead 
followed  by  sodtc  phosphate  (Yvixi, 
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The  decomposition  is  generally  effected  in  a  graduated  tube  in 
which  the  resulting  nitrogen  is  measured,  the  carbonic  acid  evolved 
being  absorbed  by  the  free  caustic  soda  that  is  always  present  in  the 
bromine  liquor;  and  it  is  advisable  to  reduce  the  urine  to  be  experi- 
mented on  aa  nearly  as  possible  to  1  per  cent.  urea.  If  much  albumen 
is  present  filter  the  urine  after  having  added  a  few  drops  of  acetic  acid 
and  boiled.  Sugar  doee  not  materially  interfere  with  tlie  process ;  but 
a  diabetic  urine  evolves  nearly  all  the  nitrogen  of  its  urea,  instead  of 
8  per  cent,  less — a  fact  that  should  be  kept  in  mind  in  comparing  the 
results  obtained  with  those  given  by  a  non- saccharine  urine. 

A  great  many  different  forms  of  apparatus  have  been  proposed  and 
recommended,  but  only  three  of  these  will  he  here  described — HCfsbr's, 
Rdssell  and  West's,  and  Simpsox's. 

1,  Knop  and  HDfner's  Method. — The  br<ymine  liqitar  is  prepared 
by  placing  70  c.c.  caustic  sotla  (about 
30  per  cent.)  in  a  well-stoi)pere(l  bottle 
with  180  c.c.  water  and  5  c.c.  bromine, 
2NaHO+Br,  =  NaBr+NaBrO  +  HjO. 
The  mixture  is  well  shaken  and  laid 
aside,  but  it  spoils  by  keeping,  tiie  hypo- 
bromite  rapidly  changing  into  tiie  bro- 
mate. 

Proceg».  —  The  piece  n  b  \s  first 
washed  out  with  alcohol  and  ether  tmd 
allowed  to  dry.  Then  by  means  of  a 
long  pipette  the  space  a  (including  the 
aperture  of  the  stopcock),  which  is 
graduated  to  contain  5  c.c.  as  nearly  as 
possible,  is  to  be  filled  with  the  urine. 
The  stopcock  is  then  closed,  and  b  filled 
with  the  hypobromite  solution.  The 
upper  narrow  end  of  b  is  now  to  he 
passed  through  the  cork  in  the  bottom 
-of  the  shallow  dish  c;  into  this  latter  is 
poured  some  strong  solution  of  common 
salt,  so  as  to  cover  the  upper  aperture 
of  b.  The  graduated  tube  d  is  next 
filled  with  some  of  the  same  salt  solu- 
tion, and  inverted  over  the  mouth  of  b 
and  fixed  there  by  means  of  a  clamp. 
All  having  been  thus  prepared,  the  stop-  - 
cock  is  opened,  and  immediately  the  hy-  "^ 
pobromite  begins  to  mix  with  the  urine,  - 

and  nitrogen  gas  is  evolved  and  colleetcl  Fro,  so.— iiwfnkii's  ube*  aitakatus. 
in  the  receiver  d.  The  operation  is  al- 
lowed to  continue  for  twenty  rainutes  or  so,  the  apparatus  then  well 
agitated,  and  the  receiver  d,  its  aperture  being  closed  with  the  thumb, 
removed  to  a  vessel  filled  with  water,  where  it  is  to  be  attached  to  a 
clamp  and  lowered  till  the  fluid  inside  the  tube  is  on  the  same  level  as 
on  the  outside.  Leave  for  15  minutes,  and  having  again  adjusted  the 
levels  read  off  the  amount  of  gas  present. 
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To  obtain  accurate  results  the  volume  obtained  must  be  corrected  for  tem- 
perature and  pressure,  and  for  tension  of  aqueous  vapor.  The  following 
fomiula  is  employed  for  the  purpose : — 

o v{h  —  w)  if  =z  required  volume. 

700  (1  +  000366<)  V  =  given  volume. 

h  =:  barometric  pressure. 

ic  =  tension  of  aqueous  vapor. 

t   =  observed  temperature. 

This  table  gives  the  tensions  of  aqueous  vapor  from  10°  to  25°: — 

10°  =     9126  18°  -^  15-351 

11°  ^    9-751  19°  =  16-345 

12°  —.  10-421  20°  =  17-396 

13°  =  11130  21°  ^  18-505 

14°  --  11-882  22°  =  19  675 

15°  -    12  677  23°  ^^  20909 

16°  -=  13-519  24°  =^  22211 

17°  ^  14-409  25°  --=  23*582 

Example. — 30c.e.  gas  were  obtained  at  10°  and  750  mm.  pressure. 

^  _  30  (750— 912())  __  80  X  740-874  _  22226-22 

^'*  ""  700(1 +0-00300  Xl<0  ■""  700  XI  0300  ~  787-810 

.-.  'if  z=  28-2  c.c. ;  and  as  1  gram  urea  =  3543  c.c.  nitrogen,  therefore 
(354-3  :  1  =  28-2  :  x)  x  =  00702  gram  ureii.  The  amount  of  urine  con- 
tained in  (1  =  5-5  c.c. ;  accordingly  the  percentage  of  the  urea  is  55  :  0'0792 
=  10()  :  X  ;  therefore  x  =  144  per  cent. 

II.  KissELL  and  West's  Apparatus  consists  of  a  decompo.*;in}i 
tube  \}  inches  long  and  1  inch  wide.  At  its  dosed  end  it  is  blown  into 
an  elonirated  Inilb,  Avhich  holds  about  12  c.c.  and  is  narrowed  consider- 

*^  1 

aldy  where  the  bull)  l)egins.  The  tube  is  fixed  with  its  bulb  down>varas 
into  a  metal  tray  that  serves  as  a  j)nemnatie  trough,  its  mouth  being  on 
a  level  with  the  bottom  of  the  latter.  A  plug  made  of  a  glass  rod  with 
a  band  of  india  rubber  over  one  of  its  ends  is  fitted  so  as  exactlv  to  fi" 
up  the  constriction  at  the  mouth  of  the  bulb.  The  metal  tray  rests  on 
three  long  su})ports,  and  inside  it  stands  the  measuring  tube,  which  is  of 
such  a  size  as  to  fit  over  the  mouth  of  the  decomposing  tube.  The 
measuring  tube  is  so  gra<luate(l  as  to  save  correction  for  temperature 
and  pressure;  it  expresses  at  once  the  j)ercentage  of  urea  in  the  o  c.c 
urine  ex})erimente(l  on.  Further,  at  a  temperature  of  about  1S°  a 
compensation  of  errors  occurs,  the  tension  of  the  a(|ueous  vapor  present 
with  the  nitrogen,  together  with  the  expansion  of  the  gas  itself,  nearly 
counterbalancing  the  amount  of  nitrogen  not  evolved  in  the  reaction. 

The  authors  found  that  5  c.c.  of  a  2  j)er  cent,  solution  of  urea  evolved 
37*1  c.c.  nitrogen  at  ordinary  temperatures  and  pressures;  accordingly 
U'l  gram  urea  corresponds  to  •)7*1  c.c.  This  volume  of  gas  conseijuently 
is  taken  as  representing  2  per  cent,  of  urea,  and  serves  as  the  basis  of 
the  gra<luation  of  the  iu})e. 

Hypohromite  Solution. — Dissolve  10(>  grams  of  caustic  soda  in  2o" 
c.c.  of  water,  and  add  2")  c.c.  of  bromine  to  the  solution. 

Process. — Measure  o  c.c.  of  urine  into  the  decomposing  tube,  was 
down  the  sides  of  the  latter  with  distilled  water  so  a«  to  fill  the  bulb, 
and  then  insert  the  plug;  the  hypohromite  solution  is  next  poured  into 
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the  tube  until  it  is  full,  anil  the  metal  trough  half  filled  with  water. 
When  the  meaHuring  tube  has  been  filled  with  water  and  inverted  in 
the  trough,  the  glass  plug  is  withdrawn  and  the  mea.Hiiring  tube  at  once 
brought  over  the  decomposing  tube.  A  torrent  of  gas  arises  in  bubbles 
into  the  former.  The  reaction  is  generally  completed  in  l.'i  minutes, 
but  it  may  be  greatly  expetlitoil  by  wanning  the  bulb  gently  with  a 
spirit  lamp. 

')  c.C.  normal  urine  generally  evolve  about  .30  c.c.  of  gaN,  bnt  some 
urint-M  may  be  much  richer  in  urea  iintl  give  a  proportionately  Ittrger 
voluute  of  gas;  if  lio,  it  is  then  advisable  to  dilute  the  urine  with  an 
e«^uul  bulk  of  water,  and  to  use  .5  c.c.  of  the  diluted  fluid  in  the  analy- 
sis, the  volume  of  gas  obtained  being  doublcl  in  making  tlie  calculation. 

III.  Simpson  and  O'Keepe's  Method. — The  apparatus  re<iuii-ed 
consists  of  a  wide-mouthed  bottle  a,  1^  oz.  in  capacity,  baying  an  india 
rubber  stopper  with  three  holes;  a  bent  pipette  b  with  its  lower  end 
drawn  out  to  a  point :  a  narrow  tube  e  about  !*  inches  long,  having  its 
lower  extremity  pointed  and  bent  upwarils.  surmounted  by  a  globe  and 
provided  with  a  glass  stopcock;  a  narrow  glims  delivery  tube  with  a 
pinch  cock  at  c;  and  a  tube  /  graduated  like  the  collecting  tube  of 
Ru.ssell  anil  West's  apparatus. 


To  use  the  apparatus  fill  the  bottle  with  a  solution  of  hypobromite 
of  soda  prepared  a«  in  II.,  and  fi.x  in  the  stopper  with  its  three  tubes, 
taking  care  to  exclude  air,  and  that  the  ends  of  the  tubes  6  and  c  reach 
to  the  bottom;  c  must  contain  water  reaching  a  few  lines  higher  than 
the  gla.ss  cock.  The  end  of  the  delivery  tube  d  is  now  plunged  just 
below  the  level  of  the  water  in  the  gliiss  g.  a  little  hy]K)bromite  solution 
poureil  into  the  pipette  b.  and  tlie  ]>iiicli  cock  e  o]tened.  by  wliicli  means 
the  air  is  forced  out  of  the  delivery  tube.  The  graduated  tube^  is  then 
filled  with  water  and  brought  over  the  eml  of  the  delivery  tube.  The 
unalysis  can  now  be  begun  by  mea.iuring  o  c.c.  of  the  urine  into  the 
fllobe  c.     By  turning  the  stopcock  aliout  a  third  of  tliis  is  allowed  to 
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r  flow  into  tLo  liypolimiuite  sitlutiim.      Wiicn  all  I'fFti'vCBCOUce  iias  ceasi 

■  tfae  pincli  cuck  is  0)>eii<.Hl  and  the  gas  nllnwixl  to  tlow  Inhi  tbe  gradnatt 
^tube.     The  same  opemtion  is  twice  repealeii,  and  then  u  little  wnt 

F  added  to  wash  down  all  the  urine  into  the  bottle.     Cai-e  roust  be  taken'' 

not  In  let  the  urine  sink  below  the  level  of  the  stopcock  before  the  water 

is  added,  and  the  water  in  turn  should  be  in  siUEcient  quantity  not  to 

sink  below  the  same  level.     The  operation  is  compleied  by  adding  a 

little  more  hypobromite  to  tlie  pipette  b  (into  which  some  hypobromite 

L  should  always  be  ])oured  at  the  beginning  of  tbe  analysis),  and  out 

I  more  opening  the  pinch  cock.     Lastly,  transfer  the  gradnnted  tube  to 

I  deep  vessel  containing  water,  and  having  brought  tbe  water  inside 

I  outside  the  tube  to  the  same  level,  re-ad  off  the  volume  of  the  gas. 

I         Modijicaliom  Prripasfd. — 1.  It  Ls  said  that  inucli  better  resulla  are  obtain* 

■  by  Srst  mixing  the  aolutioD  of  urea  with  caustic  soda  and  then  adding  th) 
bromine  so  as  to  form  the  hypobromite  in  presence  of  the  urea.  Ezperimentini^ 
in  this  manner  {I9'02  to  9^-91  per  cent,  of  the  whole  nitrogen  has  been  ob- 
tained (Ddqoan).  The  Boda  solution  is  made  by  diseolving  20  grams  csuatie 
soda  in  101)  c.o.  water,  and  with  every  20  c.c.  of  this  hquid  there  should  be 
used  1  0.0.  bromine.     The  measuring  out  of  the  bromine  is  facilitjited  by  ini 

I  dueing  a  few  drops  of  water  into  the  tube  containing  it,  which  will  float  on 
I  top  and  iffevent  to  a  great  extent  tbe  escape  of  the  bromine  vnpor. 
I  2.  WORMLEV  prepares  tbe  reagent  fresh:  100  grains  sodu  being  dissolvt 
I  in  water  250  c.c,  and  25  c.c.  bromine  addud  when  the  mixture  bos  cooled 
I  this  reagent  is  to  be  diluted  before  use  with  a  volume  and  a  half  of  pure  water, 
I  and  tbe  urea  solution  is  to  be  added  to  tbe  reagent  in  Bmoll  portions  at  n  time, 
1  all  oServese«ucc  being  allowed  to  cease  before  any  further  addition  of  tlie  urca^. 
P  the  amount  of  urea  ta  also  not  to  exceed  1  part  to  about  1,200  ports  of  tl"" 
\  diluted  reagent. 

'  With    Simpbon's   apparatus    I    have  obtained  most  satisfaelory  rcsull 

particularly  with  freshly  prepared  hypobromito  solution.     C.  AsNOLn  Bni 

that  HllFNEa's  apparatus  yields  as  good  rtviults  ss  Siupson's  only  when  " 

solution    contains    1    per  cent,  of  urea;    and   that,  compared   with   a  di 

estimation  of  tbe  urea  in  urine  by  soda  lime,  Hiifncr's  method  yields  results 

per  cent,  too  low,  and  Lichig's  process  only  0'5  per  cent  too  low. 

I  C.  Other  methods  have  been  employed  for  the  estimation  of  urea,  but 

I  •ome  of  those  wiU  he  referred  to,  and  that  in  the  briefest  possible  way.     (< 

Bi'nsen's  process,  which  la  veiy  accurate,  and  depends  on  the  decompoutictfl 

of  urea  effected  by  barium  chloride  at  230°,  ammuniatn  carbonate  bdng  first 

formed,  which  couibinea  with  the  barium  chlitride.     Tbe  carbonate  of  baryta  is 

insoluble,  and  can  be  removed  by  filtration,  dried,  and  weighed ;  or  dissolved  in 

hydTochlorio  auid  and  precipitated  from  its  hot  acid  solution  in  the  form  oL 

L  sulphate,  which  is  to  be  washed,  dried,  heated  on  platinum  foil,  and  wdgheu 

F233  parts  of  the  sulphate  correspond  to  tiO  parts  of  urea.  jk 

I        (Ji)  By  the  Will-Varrentrap  method  some  of  the  urine  is  mixed  wttH 

twuatic  soda  and  heated  so  as  to  evolve  ita  nitrogen  in  the  form  of  ammonid 

Birhich  is  collected  in  sulphuric  acid  of  known  stren^h.     Prom  the  loss  id 

Rtoidity,  ascertained  by  titration,  the  amount  of  urea  is  calculated.  I 

I       (c)  UeiNTit  and  Rausky  determined  the  urea  by  heating  tbe  urine  wilM 

nbong  sulphuric  acid,  by  which  means  sulphate  of  ammonia  was  formed  tnq 

B^nrhonic  acid  evolved.     The  ammonia  was  then   precipitated    with   platiiuU 

B^loridc,  and  from  the  weight  of  the  double  chloride  formed  the  ammonia 

Bpresent  calculated.  1 

W     (d)  By  the  process  of  Xeulerhing  the  urea  can  be  determined,  10  ao.  CQ 

Bk  1  per  cent,  solution  of  urine  being  heated  to  dryness  over  an  oil  bath  at  15(r^ 
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in  a  small  retort  with  caustic  potash,  and  then  again  after  20  c.c.  ammonia-free 
water  have  been  added  to  it.  The  distillate  is  diluted  up  to  50  c.c.  and  then 
Nessleriaed  (Wanklyn). 


CHAPTER  VIII. 

URIC  ACID. 

• 

UEIC  ACID,  C^H^N^Oa ;  molecular  weight  168 ;  containing  33-33 
per  cent,  nitrogen. — It  exists  in  the  blood  as  a  urate  and  is  separated 
as  such,  but  a  decomposition  of  this  urate  occurs  in  the  kidneys  or 
bladder,  or  more  frequently  after  emission.  Normally  also  it  is  met 
with  in  the  spleen,  and  traces  of  it  have  been  found  in  the  brain,  pan- 
creas, liver,  lungs,  and  heart.  It  is  very  rich  in  the  urine  of  birds  and 
reptiles,  in  which  it  replaces  urea,  but  only  in  small  amount  in  human 
urine,  although  occasionally  presenting  itself  as  a  sandy  sediment  or 
orange-colored  crystalline  powder.  Although  uric  acid  can  be  made  by 
its  decomposition  to  form  urea,  and  may  therefore  be  regarded  as  a  less 
oxidized  product  of  proteid  metabolism,  it  cannot  be  regarded  as  a 
necessary  antecedent  of  urea;  indeed,  it  would  rather  seem  that  its 
formation  is  the  result  of  a  different  metabolism  to  that  which  normally 
results  in  the  production  of  urea.  In  the  organism  of  the  domestic  hen 
the  amido-acids  pass  into  uric  acid,  as  has  been  established  in  the  cases 
of  leucin  and  tyrosin  (Knikriem)  ;  and  here  experiments  appear  to 
show  that  uric  acid  is  not  a  direct  decomposition  product  of  albumen, 
but  rather  the  result  of  a  synthesis  that  has  its  seat  probably  in  the 
spleen  (Ranke).  In  mammals  too  it  is  still  doubtful  whether  the  uric 
acid  is  a  decomposition  product  preceding  urea,  although  it  seems 
probable  that  part  of  it  at  least  is  thus  derived. 

Quantity  Excreted, — In  the  new  born  the  quantity  is  proportionally 
greater  than  in  the  adult,  forming  0*13  per  cent,  of  the  urine  passed  in 
the  first  week,  then  decreasing  up  to  0*04  per  cent.,  an  adult  secreting 
on  an  average  9J  to  lOi  grs.  (Raxke)  in  the  24  hours,  or  about  0-03 
to  0'05  per  cent,  of  the  urine  (Parkes).  Its  excretion  is  somewhat 
less  in  women  than  in  men,  but  the  difference  among  different  individ- 
uals, and  even  in  the  same  individuals  is  very  great.  Its  amount  depends 
somewhat  on  the  activity  of  the  skin,  with  profuse  perspirations  the 
uric  acid  diminishing,  but  when  the  skin  is  comparatively  inactive,  as 
in  winter,  the  uric  acid  increasing  (Fourcroy). 

It  is  increased  by  animal  food,  particularly  with  insufficient  exercise, 
«.nd  diminished  by  vegetable  food.  It  is  also  increased  by  muscular 
fatigue  (Ranke),  although  active  outdoor  exercise  lessens  it.  Large 
doses  of  quinine  and  sodic  carbonate  (Seegen)  reduce  its  discharge,  as 
^so  inhalation  of  oxygen  (Eckart). 

Preparation. — (1)  Excrement  of  serpents,  Peruvian  ^ano,  or  uric  acid 
c^alculi  can  be  used.  Powder  finely,  and  after  having  extracted  with  dilute 
hydrochloric  acid  boil  with  dilute  caustic  soda  (1  :  20  water)  as  long  as  ammonia 
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is  evolved ;  filter  hot,  dilute,  and  add  some  warm  hydrochloric  add  in  excess, 
or  pass  a  current  of  carbonic  acid  to  complete  neutraUzation ;  the  uric  acid 
separates  as  a  fine  white  powder,  which  is  to  be  well  washed  with  water  and 
dried.  By  redissolving  it  in  caustic  soda  and  precipitating  again  with  hydro- 
chloric acid  it  is  obtained  comparatively  pure,  when  it  is  to  be  well  washed  in 
water  and  then  dried.  The  product  thus  obtained  is  yellow-colored,  but  it  can 
be  rendered  colorless  by  dissolving  it  in  strong  sulphuric  acid  and  then  precipi- 
tating with  wat<3r. 

(2)  To  prepare  it  from  human  urine  add  to  this  one-fifth  its  volume  of 
hydrochloric  acid,  which  decomposes  the  urates,  lay  aside  in  a  c<3ol  place,  and 
decant  after  two  or  three  days;  dissolve  the  deposit  of  crystals  on  the  walls  of 
the  vessel  in  sulphuric  aci<l,  and  precipitate  with  water.  As  the  uric  acid  is  in 
such  small  quantity,  it  is  generally  advisable  to  concentrate  the  urine,  particu- 
larly if  of  low  specific  gravity,  to  half  its  volume  before  adding  the  hydrochloric 
acid. 

Properties. — Uric  acid  forms,  when  pure,  a  white  crystalline  powder 
that  is  devoid  of  taste  or  smell,  but  when  impure  it  is  generally  of 
yellow  or  brown  color ;  it  is  almost  insoluble  in  cold  water  and  only 
slightly  soluble  in  hot  water  (1  in  1800),  very  slightly  soluble  in  alcohol 
and  ether,  easily  soluble  without  decomposition  in  strong  sulphuric  aci 
and  reprecipitated  again  on  dilution  with  water ;  likewise  easily  solubl 
in  nitric  acid,  but  with  attendant  decomposition ;  soluble  in  caustic  so 
and  potash,  but  less  so  in  ammonia;  soluble  likewise  in  alkaline  solutions  ot 
lactates,  acetates,  carbonates,  phosphates,  and  borates  fonning  neutralT 
urates ;  moderately  soluble  also  in  boiling  glycerin,  but  more  so  in  g^j 
boiling  solution  of  sodic  phosphate. 

Under  the  microscope  uric  acid  is  seen  to  assume  a  multiidicity  o   - 
crystalline  forms.     The  7no8t  constant  appears  to  be  the  rhombic,  fre 
quently  with  the  two  obtuse  angles  rounded.     The  form  is  aflfected  Ijj 
the  strength  and  ({uantity  of  the  acid  added,  and  by  the  presence 
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other  bodies  (OiiD).     When  precij)itated  fnmi  an  alkaline  solution  l)^ 
means  of  hydrochloric  acid  it  forms  small  transparent  rhombic  tables 
with  a  few  elliptical  and  oblong  plates.     Among  the  forms  occurring  i 

urinary  deposits  thcobloiig(  ^^ 
large  hone-shaped  fonn  5". 
characteristic. 

They  may  also  occur  si.n' 
rhombic  prisms  or  derivatir  c-:j 
thereof,  or  in  doubly  convex, 
lozenge-shaped  plates,  elon- 
gated flat  plates  with  exca- 
vated   ends,    rectangular 
quadrilateral     prisms,    an</ 
(lumb-bell-like  bundles.  The 
crystals  may  be  separate  or 
arranged  in  stellate  group. 
They     are     nearly    always 
colored.    Indeed,  every  cr}}'^' 
talline  unnary  deposit  of  ^ 
distinct  yellow,  brown,  or  red 
color  may  be  said  to  consist  of  uric  acid.     The  urine  depositing  uric 
acid  is  also  generally  high-colored  and  acid. 


Fkj.  :r2.— Crystat.s  of  Uric  Acid. 

At  a  an*  crysiulH  formed  by  tlu'  addition  of  hydr«)chloric 
and  to  a  sulntioii  of  uric  iicid  in  caustic  potash.  The 
rot  are  dillVrcnt  forms  ul  spontaneou.sly  separated 
crvstal:?. 


»_  T 

I 


URIC  ACID.  357 

Combiliations. — ^It  constitutes  a  weak  dibasic  acid,  furnishinp;  acid 
(CsMHjN^O,)  and  neutral  salts  (CgM^H^N^Og)  ;  the  latter  are  more  soluble  than 
the  former.     These  are  a  few  of  its  soda  salts : — 

Urate  of       sodium    .     .     Na,C5H,N,03+H,0 
Acid    "  "        .     .     2(NaaH3N,iD3)+H,0 

Quadriurate      "         .     .     NaC5H3N,03+C5H,N,03. 

The  acid  urates  are  more  permanent  than  the  neutral  urates.  There  are 
similar  urates  of  potass,  ammonia,  lithia,  and  lime.  The  urate  of  lithium  is  the 
most  soluble  in  water,  and  that  is  why  salts  of  lithia  are  prescribed  when  an 
excess  of  uric  acid  is  supposed  to  exist  in  the  system  ;  and  the  sodic  urates  are 
more  soluble  than  those  of  potash  or  ammonia ;  the  normal  also  are  more  soluble 
than  the  acid  salts.  As  uric  acid  is  a  weak  acid  its  combinations  are  readily 
decomposed  even  by  acetic  acid,  but  it  possesses  the  power  of  decomposins:  the 
alkaline  phosphates,  forming  a  urate  and  an  acid  phosphate. 

Decompositions. — These  are  most  interesting  as  indicating  some  of  the 
important  relationships  of  uric  acid. 

1.  Uric  acid  is  easily  oxidized.  By  means  of  potassic  permanganate  it  forms 
methyl  allantoin  and  carbonic  anhydride : 

C5H,N,03+0+2H.p  =  C,H,(CH3)N,03+CO,. 

2.  If  the  decomposition  occurs  at  a  high  temperature  oxalic  acid  and  urea 
also  appear,  while  if  heated  some  time  with  plumbic  oxide  allantoin,  urea,  oxalic 
acid,  and  carbonic  anhydride  are  formed. 

^5.  Treated  with  cold  nitric  acid  it  furnishes  alloxan  and  urea : 

C,H,N.034-0+H,0  =  C,H,N,0.+CON,II.. 

4.  Heated  with  nitric  acid,  carbonic  anhydride  and  nitrogen  gas  are  given 
off,  and  alloxan,  alloxantin,  and  urea  are  left  behind. 

5.  By  oxidation  with  alkalies  allantoin  and  carbonic  anhydride  are  formed  : 
C5H,N,03+H/)H-0  ==  C,H,NV)3+C0.,.  By  further  hydration  allanturic  acid 
and  urea  are  obtained  : 

C,H,N,03+H,0  =  C0Xn,+C3H,N,(). 

In  nearly  all  these  decompositions  of  a  molecule  of  uric  acid  it  will  be  seen 
that  two  molecules  of  urea  and  a  carbon  acid  of  some  kind  are  formed. 

0.  Heated  in  a  sealed  tube  with  strong  hydrochloric  acid  it  is  decomposed 
into  glycocin,  carbonic  anhydride,  and  ammonia:  C5H^N^03-!-5H20  = 
CjH5NO,,-|-3C02+8NH3.  The  converse  synthesis  of  uric  acid  by  fusing 
together  glycocin  and  urea  at  a  temperature  of  200°  to  230°  has  also  been 
effect43d  by  Horbaczewski. 

7.  By  reducing  uric  acid  with  a  weak  amalgam  of  sodium  xanthin 
(CjH^N^Oj)  and  then  hypoxanthin  (CJI^N^O)  are  obtained. 

8.  Heated  with  hydriodic  acid  to  170°  uric  acid  is  decomposed  into  glyco- 
cin, ammonium  iodide,  and  carbonic  anhydride : 

CjH.N.Oj+SHI+SHp  =  C,H,N0,+3NII  J+3C0,. 

•  Tests  and  Reactions.  1.  The  Murexid  Test — Place  the  uric  acid 
in  a  small  porcelain  dish,  cover  it  with  a  few  drops  of  nitric  acid,  and 
diflsolye  with  the  aid  of  heat,  taking  care  not  to  let  the  temperature  rise 
too  high ;  a  yellow  or  reddish  residue  is  soon  obtained,  which  is  to  be 
moistened  with  a  drop  of  ammonia,  when  a  beautiful  purple  red  color 
appears.  The  body  thus  formed  is  named  pur  pur  ate  of  ammonia 
\CfijJSll^Tifi^^ .but  it  may  be  observed  that  the  so-called  purpuric 
acid  has  not  been  obtained  free. 
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If  the  uric  acid  is  present  in  small  amount  add  very  little  ammonia ;  it 
is  safer  in  such  a  case  to  expose  the  residue  to  its  vapor  or  to  use  a  diluted 
ammonia  (I  to  10).  If  the  residue  is  treated  with  caustic  potash  or  soda 
instead  of  ammonia  a  beautiful  violet  blue  color  is  obtained.  The  color 
is  dissipated  by  heat.     (CaiTein  produces  a  somewhat  similar  reaction.) 

2.  Dissolve  a  little  on  a  glass  slide  in  a  few  drops  of  caustic  potash 
with  the  aid  of  heat,  and  add  a  drop  or  two  of  hydrochloric  or  acetic 
acid :  note  the  transparent  rhombic  tables  that  are  formed. 

The  crystals  of  uric  acid  are  so  varied  in  shape  that  when  in  doubt 
it  is  always  advisable  to  treat  them  as  above,  and  obtain  easily  recogniz- 
able forms. 

3.  Dissolve  a  little  uric  acid  in  caustic  soda,  and  having  added  a  few 
drops  of  Fehling*s  solution,  or  of  ammonia  and  dilute  cupric  sulphate 
solution,  boil:  the  white  cupric  urate  separates  out;  after  a  time  it  takes 
a  greenish  tint.  The  cupric  oxi<le  must  not  be  in  excess ;  otherwise  the 
red  cuprous  oxide  may  appear. 

4.  Dissolve  a  little  uric  acid  in  as  little  sodic  carbonate  solution  as 
possible,  and,  after  moistening  a  piece  of  filter  paper  with  solution  of 
silver  nitrate,  by  means  of  a  glass  rod  bring  a  little  uric  acid  solution 
down  upon  the  filter  paper:  a  dark  spot  of  reduced  silver  immediately 
appears  (Schiff). 

5.  If  to  a  little  of  the  solution  in  the  sodic  carbonate  ammonium 
chloride  is  added,  a  gelatinous  precipitate  of  urate  of  ammonia  is  obtained. 

6.  Add  a  little  solution  of  uric  acid  to  some  sotlic  hypochlorite  in 
caustic  soda:  a  rosy  re<l  coloration  is  produced,  which  disappears  in  ex- 
cess of  the  soda  (Dietrich). 

To  Determine  the  Presence  of  Uric  Acid  in  Urine  and  Ascertain 
its  Amount  approximately^  etc  — 1 .  The  presence  of  uric  acid  or  a  umte 
in  an  luiinial  fluid  may  be  tlius  detected:  IMace  tlic  fluid  in  a  watch 
glass  and  add  a  few  (h'ops  of  glacial  acetic  acid.  A  few  fine  filaments 
of  flax  or  silk  are  immersed  in  it,  and  the  whole  laid  a^ide  under  a  glass 
sha<le  for  24  to  48  lioni*s;  the  filaments  are  then  to  be  removed  and  ex- 
amined mieroseopieally  in  a  little  <rlycerin  (Gakrod).  The  separation 
of  the  uric  acid  ran  be  readilv  effected  bv  boilinij:  the  fluid  or  extract  to 
coagulate  any  albumen  that  may  be  j)resent,  then  filtering,  and  evapo- 
ratin<j:  to  dryness.  The  dry  residue  is  to  be  repeatedly  extracted  with 
boilin«;  water,  and  this  extract  acidified  with  acetic  acid  and  laid  aside 
for  24  to  4«S  hours.  In  gout  the  uric  acid  is  generally  j)resent  in  sufli- 
cient  (juantity  in  the  blood  to  be  obtained  in  the  above  way  in  the  fluid 
taken  from  a  blister,  but  while  it  accumulates  in  the  body  in  chronic  gout 
its  excretion  in  the  urine  diminishes.  This  is  freciuently  the  case  in 
many  other  diseased  c<mditi(ms  in  which  the  uric  acid  in  the  urine  is 

a 

diminished:  tlnis  in  IJriijrht's  disease  tlie  uric  acid  in  the  blood  may  rise 
as  high  as  0'12  to  0%')')  (Gakkod). 

2.  In  most  cases  it  may  be  sepamted  by  filtering  100  c.c.  of  the 
fluid,  addintj  to  it  ">  c.c.  hydrochloric  acid,  and  layinir  the  mixture  aside 
for  24  houi^s.  A  tleposit  of  uric  acid  generally  occurs,  but  the  amount 
cannot  be  accurately  estimated  from  the  (juantity  of  deposit  present,  al- 
though approximative  results  may  be  thus  obtained. 

(a)  After  Heintz's  inethnd  200  c.c.  urine  are  treated  with  10  c.c.  hydro- 
chloric acid  and  left  in  a  cool  place  for  48  hours.     The  crystals  are  then  collected 
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on  a  weighed  filter,  well  washed  with  cold  water,  dried  some  hours  between  watch 
glasses,  and  weighed.  Too  low  a  result  is  generally  obtained,  but,  in  order  to 
make  up  for  the  loss  by  the  uric  acid  held  in  solution,  to  this  should  be  added 
0*0038  gram  uric  acid  for  every  100  c.c.  of  fluid  that  has  been  employed. 

(b)  Evaporate  one-fourth  of  the  urine  passed  in  the  24  hours  to  40  or  50 
cc,  having  first  neutralized  it  with  hydrochloric  acid  or  carbonate  of  potass  as 
necessary;  then  add  a  mixture  of  hydrochloric  acid  and  alcohol  (1  to  4).  After 
the  uric  acid  has  been  deposited  and  the  supernatant  liquid  is  clear,  decant  and 
wash  the  deposit  on  a  weighed  filter  first  with  alcohol,  and  then  with  equal  parts 
of  acetic  acid  and  water;  lastly  dry  and  weigh. 

(c)  A  rapid  estimation  may  be  made  by  strongly  agitating  200  c.c.  urine 
with  5  c.c.  fuming  hydrochloric  acid  for  five  minutes,  and  then  allowing  it  to 
stand  aside  for  an  hour.  The  uric  acid  that  separates  is  then  collected  on  a 
weighed  double  filter,  dried  at  100°,  and  weighed.  To  avoid  error  from  the 
presence  of  silica  the  residue  is  ignited,  and  if  anything  remains  it  is  subtracted 
from  the  total  weight  (A.  Petit). 

(d)  E,  LuDWiG  thus  proceeos :  The  urine  is  treated  with  a  combination  of 
ammonio-silver  solution  and  magnesia  mixture ;  and  the  precipitate,  which  con- 
tains all  the  uric  and  phosphoric  acids,  is  filtered  oflF  and  washed  with  very  dilute 
ammonia.  It  is  then  decomposed  by  a  warm  dilute  solution  of  potassic  sulphide, 
forming  potassic  urate,  which  passes  into  solution.  The  liquid  is  filtered,  the 
filtrate  slightly  acidified  with  hydrochloric  acid,  and  evaporated  on  the  water 
bath  to  a  small  bulk ;  and  the  uric  acid  that  separates  out  on  cooling  is  filtered 
off,  washed  with  water,  and  after  having  been  dried  at  110°  treated  with  bisul- 
phide of  carbon  to  free  it  from  adhering  sulphur,  and  then  with  ether. 

Pathology.  Occurrence  of  a  Deposit. — Healthy  urine  may  deposit  uric  acid 
10  to  20  hours  aft«r  emission,  and  such  deposition  is  a  normal  event  during  the 
so-called  acid  fermentation  period,  but  a  deposit  occurring  three  or  four  hours 
after  the  urine  has  been  passed  is  not  normal.  This  early  deposit  may  be  seen 
in  convalescence  from  febrile  complaints,  especially  articular  rheumatism ;  also 
in  chorea,  some  forms  of  diabetes,  enlarged  spleen,  and  in  the  middle  periods  of 
Bright's  disease  (Roberts).  Lessened  respiratory  power  of  the  blood  is  prob- 
ably one  of  the  great  factors  in  increasing  the  excretion  of  uric  acid. 

Uric  acid  is  increased  in  the  urine  aft^er  attacks  of  indigestion,  in  acute 
dropsies,  in  inflammations  such  as  pneumonia,  and  acute  rheumatism  in  the 
stage  of  congestion  and  exudation,  and  in  some  skin  diseases  (especially  eczema 
and  lepra) ;  frequently  also  it  is  increased  in  leukaemia,  paroxysms  of  intermit- 
tent fever,  and  generally  in  all  disturbances  of  tlie  circulation  and  respiration, 
as  in  emphysema,  etc.  In  phthisis  9*8  grains,  in  acute  hepatitis  with  jaundice 
11*18  grains,  in  cases  of  jaundice  17*75  grains,  and  in  milk  fever  19  grains 
have  been  passed  in  the  24  hours  (Becquerel). 

It  is  diminished  in  chronic  maladies  in  general,  except  during  their  periods 
of  exacerbation;  also  in  the  later  stages  of  Bright's  disease,  in  diabetes,  in 
cases  of  polyuria,  and  in  gouty  affections;  likewise  in  anaemic  conditions, 
chronic  rheumatism,  paraplegia,  and  chronic  diseases  of  the  spinal  cord. 


CHAPTER  IX. 

URATES   AND    URIC  ACID    DERIVATIVES. 

TJHATES  are  commonly  found  in  urinary  sediments,  calculi,  or  ar- 
thritic deposits.  8*69  per  cent,  cases  of  calculi  contain  urates  as  nuclei, 
while  in  16*08  per  cent,  layers  of  urates  are  present  (Thudtciium). 
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These  urates  appear  to  differ  considerably  in  composition,  the  bases 
varying,  but  usually  consisting  of  soda,  ammonia,  potash,  and  lime. 
Uric  acid  has  been  found  to  form  80  to  90  per  cent,  of  their  weight. 

Uric  acid 94-00 

Potash 3-15 

Ammonia 1'36 

Soda Ill 

(Bence  Joxes). 

But  some  authorities  regard  the  urate  of  soda  as  constituting  the 
chief  component  of  urinary  deposits. 

Properties. — They  occur  generally  in  the  form  of  an  amorphous 
yellow,  brown,  or  red-colored  powder,  occasionally  mixed  with  fine  color- 
less needles,  the  color  being  due  to  urinary  pigment.  The  urates  dis- 
solve in  boiling  water,  and  are  deposited  when  the  water  cools.  The 
urates  of  soda  and  ammonia  are  sometimes  deposited  in  the  crystalline 
form ;  in  gouty  concretions,  for  example,  the  urate  of  soda  is  found  in 
the  form  of  delicate  needles  forming  bundles  of  stars,  or  lying  separately. 
The  urate  of  soda  is  occasionally  found  in  the  urine  of  gout,  and  in 
febrile  conditions,  particularly  in  children.  It  appears  as  an  amorphous 
powder  or  as  minute  spherules  armed  with  little  prisms.  In  dilute  solu- 
tions, after  a  time,  the  last  forms  may  appear  as  short  hexagonal  prisms 
or  thick  t^ibles.  The  urate  of  potash  closely  resembles  the  sodic  urate 
in  its  properties.  Urate  of  ammonia  in  the  crystalline  condition  most 
frequently  assumes  the  form  of  dark  spheres  and  globular  masses,  al- 
though sometimes  appearing  as  minute,  slender,  and  imperfectly  formed 
dumb-l)ells. 

Solutions  of  urates  are  readily  decomposed  by  hydrochloric  acid, 
uric  acid  being  precipitated. 

Heated  on  platinum  foil  with  a  drop  of  caustic  potash  urate  of  am- 
monia gives  oft*  ammonia,  recognized  by  the  smell,  while  urate  of  soda 
leaves  a  residue  of  sodic  carbonate  that  is  alkaline  and  efiervesces  with 
hydrochloric  acid. 

Thev  show  the  murexid  reaction. 

Solutions  of  alkaline  urates  give  a  white  precipitate  with  salts  of 
lead,  a  green  ])recipitate  with  cupric  sulphate,  a  violet  with  chloride  of 
gold,  and  a  yellow  with  silver  nitrate.  Any  urinary  deposit  that  dis- 
appears on  tlie  application  of  heat  consists  of  urates.  They  are  more 
frequently  colored  than  white.  The  deposit  is  bulky  and  amorphous, 
but  containinf;^  minute  spheres  with  protruding  spicules. 

A  urate  drpoiiit  mat/  occur  after  much  loss  of  water  by  sweating  and 
violent  exercise,  or  after  prolonged  abstinence  from  food  and  drink ;  it 
is  often  present  in  the  urine  of  j)ersons  who  eat  much  meat  and  drink 
little  water  (Schekek),  and  also  during  functional  derangements  of  the 
digestive  organs,  particularly  in  cold  weather. 

URIC  ACID  DERIVATIVES. 

Alloxantin  (CJI^N/).-t-^>H./))  is  obtained  from  uric  acid  by  the  action- 
of  very  dilutt;  nitric  acid,  and  can  ea.sily  be  ])repared  by  mixing  together  the^ 
concentrated  solutions  of  alloxan  (142  <rrams)  and  dialuric  acid  (144  grams)- 
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It  forms  rhombic  tables  and  columns,  and  prives  a  temporary  blue  coloration 
with  ammonia  and  ferric  chloride.  Silver  nitrate  is  reduced  by  it,  and  with 
baryta  water  it  forms  a  characteristic  violet  precipitate,  which  loses  its  color 
when  heated,  decomposing  inte  dialuric  acid  and  baric  alloxanate.  Saturated 
with  dry  ammonia  gas  at  100°,  it  is  decomposed  into  water  and  murexid : 
C.H.NA+2NH,  =  C,H,X.O.+  H,0. 

(murexid.) 

The  most  important  derivatives  of  alloxantin  are  alloxan,  murexid,  iiramil, 
dialuric,  oxaluric  (CgH^NjOj,  parabanic,  and  barbituric  (C^II^N^Og)  acids. 

Alloxan  (C^H^N^O^)  is  obtained  when  uric  acid  is  dissolved  in  nitric  acid 
(specific  gravity  l-4r)  at  a  low  temperature,  sepiu-ating  out  of  a  saturated 
solution  as  a  white  crystidlino  deposit : 

C5H,N,03+H,0+0  ^  C,H,N,0,+COrNH,),. 

To  prepare  it  stir  up  alloxantin  with  very  strong  sulphuric  acid,  so  as  to 
form  a  thick  mud,  and  after  this  ha.s  stood  for  several  days  spread  it  out  to 
dry  in  the  air ;  then  evaporate  to  complete  dryness  over  a  water  bath  and  crys- 
tallize out  of  hot  water. 

It  forms  large  rhombic  pyramids  or  small  monocHnic  crystals.  A  saturated 
watery  solution  when  rapidly  boiled  is  decomposed : 

3(C,N,H,NJ  =  C,\HA+C3Njr.p3+CO,. 

(alloxan.)  (alloxantin.)    (i^rabanic  acid.) 

When  boiled  with  a  strong  alkali  it  is  also  decomposed : 

C  X,H,0,+2H.p  =  C,H  (\+C()N,H,. 

(alloxan.)  (mcsoxalic  acid.)    (urea.) 

BoiUng  dilute  nitric  aeid  changes  alloxan  into  parabanic  acid  and  COj : 

C,\,H.A+0  =  C3N.,H..03+C(),. 

Dilute  sulphuric  and  hydrochloric  acids  decompose  it  into  alloxantin,  urea, 
and  oxalic  acid ;  when  heated  with  peroxide  of  had  urea  and  CO^  are  obtained ; 
and  reducing  agents  develop  dialuric  acid  :  CJI^X./)^^!!^  =  CJI^NJI^. 

TJramil  (€^115X303)  is  prepared  by  heating  a  cold  saturated  watery  solution 
of  thionurate  of  ammonia  [CJI/NHj^XaSOg-j-H^O],  adding  a  little  hydro- 
chloric acid,  boiUng  some  minut^js,  and  collecting  the  crystalline  deposit  of  fine 
needles  on  cooling.  The  thionurate  is  obtained  by  passing  a  current  of  sul- 
phurous acid  for  some  time  inte  a  cold  saturated  solution  of  alloxan,  then 
adding  ammonium  carbonate  and  boiling  for  half  an  hour.  On  cooling  the 
thionurate  separates.  It  is  te  be  washed,  dissolved  in  hot  water,  the  boiling 
solution  precipitat^jd  with  acetate  of  lead,  and  the  thionurate  of  lead  collected, 
washed,  suspended  in  cold  water,  and  decomposed  with  hydric  sulphide.  The 
filtrate  is  concentrated  at  140°  to  a  small  bulk  until  crystals  begin  te  separate. 

Purpuric  Acid  and  Murexid. — The  acid  is  not  known  in  the  free  state, 
but  it  exists  in  murexid,  which  is  the  acid  purpurate  of  ammonia.  The  murexid 
can  be  obtained  by  the  electrolysis  of  alloxan,  by  heating  ammonium  dialurate, 
by  the  action  of  ammonium  carbonate  on  warm  solution  of  alloxantin  or  alloxan, 
by  heating  dry  alloxantin  at  100°  with  ammonia  gas,  and  by  cva])orating  a 
solution  of  uric  acid  in  nitric  acid  and  heating  the  residue  with  amiuonia : 

C,H,N,03+n,0+0  =  C,H,N,0,+CO(MI,),; 

lalloxan.) 

3C.N,H,0.  =  C,N.H,0,+C,NJI,0,+CO, ; 

(alloxantin.)    (parabanic  acid.) 

CAHA+^^'H^  ^  C,H,N,0,+H,0. 

(murexid.) 

Murexid  can  be  best  prepared  by  heating  uramil  (4)  and  mercuric  oxide 
(1)  in  water  (30),  adding  a  few  drops  of  ammonia,  heating  gently  up  to  boiling 
point,  and,  after  boiling  a  few  minutes,  filtering. 
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Mnrezid  fomiB  four-sided  tables  or  columns  that  are  of  a  red  garnet  hue 
with  transmitted  and  a  metallic  green  with  reflected  light  Ita  solution  in 
boiling  water  has  a  purple  tint ;  in  alcohol  and  ether  it  is  insoluble.  When 
warmed  with  acids  it  decomposes  into  uramil,  alloxan,  and  ammonia,  and  the 
alloxan  still  further  into  aUoxantin  and  urea. 

Parabanic  Acid,  C,H,N,0,. — ^It  is  prepared  by  rapidly  transferring  uric 
acid  (1  part)  in  small  portions  at  a  time  to  6  parts  nitric  acid  (specific  gravity 
1*3)  heated  up  to  70^.  When  effervescence  has  ceased  the  solution  is  evap- 
orated to  a  syrupy  consistence  at  the  same  temperature.  On  cooling  ciystals 
separate,  which  are  to  be  collected  on  a  filter  and  dissolved  in  hot  water  (1  i 
part),  from  which  pure  parabanic  acid  is  deposited. 

It  forms  thin,  colorless,  six-sided  prisms,  and  its  solution  gives  a  white 
granular  precipitate  with  silver  nitrate,  which  is  soluble  in  ammonia :  C,Ag,N,0, 
+H,0. 

Allantoin  (C^H^N^O,). — ^This  body  is  found  in  the  human  allantoic  fluid 
and  in  the  urine  of  young  sucking  calves ;  it  occurs  in  very  small  amount  in 
normal  human  urine,  particularly  in  that  of  a  new-bom  child  for  the  first  few 
weeks  after  birth,  during  pregnancy  (Gusserow),  and  after  the  ingestion  of 
tannic  acid.  It  has  also  been  found  in  the  urine  of  dogs  after  the  administration 
of  uric  acid  (Salkowski),  and  in  respiratory  obstruction  (Frerichs).  It  is 
generally  abundant  in  the  urine  of  cats.  In  the  placenta  of  both  dogs  and 
cats  crystals  of  allantoin  are  found,  often  associated  with  hsDmatoidin  and  occa- 
sionally haemoglobin  crystals,  and  also  biliverdin. 

It  is  prepared  by  rubbing  up  uric  acid  (3^  with  water,  and  adding  to  it 
potassic  permanganate  (1),  tdking  care  not  to  Jet  the  temperature  rise;  filt^ 
rapidly,  and  having  saturated  the  filtrate  with  acetic  acid,  leave  aside  24  houis 
to  crystallize.     Its  derivation  from  uric  acid  may  be  thus  expressed: 

C,H,N  A  +  0  +  H,0 = C,H.N,0,  +  CO,. 

It  also  may  be  obtained  by  evaporating  allantoic  fluid,  the  .crystals  being 
washed  in  water,  and  their  solutioQ  in  hot  water  decolorized  with  animal 
charcoal. 

To  separate  it  from  urine  precipitate  with  lead  acetate,  filter,  and,  having 
passed  hydric  sulphide  through  the  filtrate,  evaporate  it  to  a  syrup  and  let  it 
stand  for  several  days.  The  crystalline  mass  is  to  be  washed  in  cold  and  dis- 
solved in  hot  water,  from  which  the  allantoin  is  allowed  to  separate. 

It  crystallizes  in  small,  colorless,  glistening  prisms,  and  is  slightly  soluble 
in  cold  and  more  soluble  in  hot  water,  but  insoluble  in  cold  alcohol  and  ether. 
Its  solutions  are  neutral,  giving  no  precipitate  with  mercuric  chloride,  but  a 
precipitate  with  mercuric  nitrate  [2rC^NJI.05\.Hg-f- 3HpO];  silver  nitrate 
also  <rivt;s  a  white  crystalline  precipitate.  It  is  decomposed  by  concentrated 
alkalies : 

:j(  CJI.N A)  -t-  13H.P  =  V2NU,  +  GCO,  +  2(C,H.A)  +  C,Hp,. 


CHAPTER  X. 

HIPPURIC  ACID. 

HIPPURIC  ACID,  C9II9NO3,  may  be  regarded  as  benzoyl  glycocin, 
C2ll4(  C7ll50)N02,  a  glycocin  in  which  an  atom  of  hydrogen  is  displaced 
by  the  radical  benzoyl  Cgll^-CO. 
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It  is  a  more  important  constituent  of  the  urine  of  herbivora  than  of 
camivora,  though  it  exists  in  considerable  amount  in  animals  living  on 
a  mixed  diet.  It  is  probably  present  in  combination  with  one  of  the 
alkalies. 

Origin  and  Amount, — It  arises  in  part  from  the  oxidation  of  albu- 
mens, and  in  part  also  &om  such  acids  as  the  benzoic  and  cinnamic,  etc., 
when  absorbed.  A  vegetable  diet,  and  particularly  fruit  like  green- 
gages, blackberries,  and  plums,  which  contain  benzoic  acid,  increase  its 
amount  in  the  urine ;  the  use  of  different  balsams  also  has  a  similar  effect. 

In  the  urine  of  different  individuals  it  averages  from  0*02  to  0*06 
per  cent.  In  starvation  its  elimination  does  not  appear  to  be  affected, 
for  in  a  case  where  the  urea  excreted  amounted  only  to  6  6  grams  and 
the  uric  acid  to  0*07  gram  the  hippuric  acid  was  1*16  gram.  Occasion- 
ally its  discharge  undergoes  a  great  increase,  and  Bouchardat  has 
described  such  a  condition  under  the  name  hippuria. 

Benzoic  acid,  when  ingested,  is  changed  in  the  liver,  kidneys,  or 
alimentary  canal  into  hippuric  acid.  But  this  power  of  changing  benzoic 
into  hippuric  acid  seems  to  be  reduced  in  certain  affections  of  the  kidney, 
such  as  amyloid  degeneration  and  acute  and  chronic  inflammations. 
Occasionally  in  jaundice  hippuric  acid  has  not  been  found  even  after  the 
administration  of  benzoic  acid. 

In  some  cases  of  diabetes  it  is  increased,  but  in  others  it  has  been 
noticed  to  be  diminished,  and  in  icterus  and  some  kidney  affections  it  is 
diminished. 

It  has  been  met  with  in  the  sweat  also,  especially  after  the  use  of 
benzoic  acid  and  certain  balsams. 

Lehmann  was  of  opinion  that  the  increased  acidity  of  the  urine 
of  fevers  was  due  to  this  body,  but  recent  investigations  are  opposed 
to  this  idea. 

Preparation. — 1 .  Boil  the  fresh  urine  of  a  horse  or  cow  for  some  minutes 
with  milk  of  lime  in  excess  to  remove  the  pigment,  filter  the  hot  fluid,  and 
evaporate  rapidly  to  tV  its  volume ;  when  cold,  acidulate  with  hydrochloric 
acid.  After  24  hours  decant  the  fluid  from  the  deposited  brownish  yellow 
crystals ;  dissolve  them  up  again  in  boiling  milk  of  lime,  filter,  to  the  hot  fil- 
trate add  hydrochloric  acid,  and  crystallize  as  before.  The  crystals  may  be 
rendered  colorless  by  the  action  of  animal  charcoal  or  by  heating  their  solution 
in  excess  of  caustic  soda  with  potassic  permanganate  solution,  adding  this 
body  drop  by  drop  to  the  boiling  liquid  until  a  little  of  the  solution,  when  fil- 
tered, gives  a  pure  white  precipitate  with  hydrochloric  acid.  The  whole  fluid 
is  then  filtered  and  supersaturated  with  hydrochloric  acid. 

2.  Treat  the  fresh  urine  with  zinc  sulphate,  evaporate  to  one-sixth  the 
volume,  filter,  and  decompose  the  zinc  hippurate  with  hydrochloric  acid,  and 
separate  the  hippuric  acid  by  erystalliziition. 

3.  To  obtain  it  from  human  urine  give  30  grams  benzoic  acid  to  a  patient 
in  the  evening,  and  the  next  morning  collect  his  urine.  Evaporate  it  to  a 
small  volume,  and  when  it  has  cooled  treat  it  with  hydrochloric  acid  and  lay  it 
aside  in  a  cool  place.  After  some  hours  the  thjposit  is  collected  on  a  filter  and 
washed  with  cold  water  and  alcohol.  The  crystals  thus  obtained  may  be  puri- 
fied still  further  as  in  the  first  method. 

Properties. — Hippuric  acid  forms  brilliant  hard  white  and  translu- 
cent four-sided  rhombic  prisms  or  needles,  generally  taking  the  form  of 
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prisms  when  deposited  from  a  dilute,  and  of  needles  from  a  saturated, 
solution.  The  crystals  are  moderately  soluble  in  hot  water,  and  easily 
soluble  in  alcohol  and  benzol,  the  solutions  having  an  acid  reaction ; 
soluble  also  in  sodic  phosphate,  and  in  alkalies  and  their  carbonates; 
but  almost  insoluble  in  ether  and  chloroform.  Hippuric  acid  reduces 
an  alkaline  solution  of  cupric  sulphate. 

It  is  monobasic  and  forms  neutral  salts  that  are  generally  soluble 
in  water  and  crystallizable,  the  iron  hippurate  alone  being  amorphous. 

Derivatives. — When  boiled  with  strong  mineral  acids  and  alkalies 
it  is  split  up  into  benzoic  acid  and  glycocin  : 

(liippuric  acid.)  (benzoic  acid.)  (glycocin.) 

Ferments  produce  the  same  effect;  and  a  watery  solution  of  hip- 
puric acid  to  which  sodic  phosphate  has  be^n  added,  after  a  few  days 
at  a  temperature  of  about  30°,  undergoes  a  similar  change. 

Heated  strongly  in  a  small  tube  it  gives  a  sublimate  of  benzoic 
acid  and  ammonium  bonzoate,  evolving,  at  the  same  time,  an  odor  of 
new  hay  or  bitter  almonds,  hydrocyanic  acid  and  benzo-nitril  being 
formed,  and  oily  red  drops  deposited  in  the  tube. 

Tests. — 1.  Boil  a  little  hippuric  acid  with  a  few  drops  of  nitric  acid, 
evaporate  to  dryness,  and  heat  the  residue  in  a  small  tube  or  porcelain 
capsule:  an  intense  odor  of  nitro-benzene  is  evolved.  Benzoic  acic 
gives  the  same  odor;  but  hippuric  is  distinguished  from  benzoic  aci 


by  its  insolubility  in  ether  and  its  iion-volatilization  on  being  heateil, -^  X 
also  by  tlie  shape  of  its  crystals. 

2.  Boil  a  little  with  strong  hydrochloric  acid,  and  the  hippuric  aciil^-^ 
will  break  up  into  benzoic  acid  and  glycocin.    Add  an  excess  of  caustic^n:^  c 

potash  and  a  drop  of  cupric  sulphate  solution,  and  a  deep  blue  colora -»- 

tion  is  })roduced,  not  destroyed  by  boiling :  this  is  due  to  the  glycocin— 

3.  To  Detect  in  Urine. — (/?)  Treat  the  urine  with  chloride  an(KI 
milk  of  lime  to  separate  tlie  phosphates,  neutralize  the  filtrate  wither  ^ 
hydrocliloric  acid,  and  treat  with  nearly  neutral  ferric  chloride,  when 
brown  liipi)urate  is  thrown  down.  By  neutralizing  with  sodic  carbon- 
ate before  filtration,  then  filtering,  washing,  and  boiling  the  precipitate 
with  alcohol,  the  hippurate  may  be  removed,  and  by  heating  this  witlir  3i 
hydrochloric  acid  hippuric  acid  can  be  separated. 

(//)  Evaporate  a  litre  of  urine  almost  to  dryness;  rub  up  the  resi —  * 
due  with  baric  sulj)hate,  acidify  with  hydrochloric  acid,  and  exhausr^  ^ 
completely  with  alcohol ;  neutralize  the  alcoholic  extract,  distil  off  tli( 
alcohol,  and  having  added  a  little  oxalic  acid  evaporate  to  dryness 
Exhaust  the  dry  mass  with  ether  to  which  some  alcohol  has  been  added 

and  evaporate  the  ethereal  solution.     Treat  the  residue  with  wai 

milk  of  lime,  filter,  and  evaporate  the  filtrate  to  a  small  volume,  whicM^^ 
is  finally  to  be  acidified  with  hydrochloric  acid.  The  hippuric  aci  ^ 
crystallizes  out. 

HIPPURIC  ACID  DERIVATIVES— Benzoic  Acid  and  Glycocix. 

Benzoic  Acid,  C^H^O.,  =-  CJLCOOII.— This  body  exists  ready  formed 
in  several  balsams  and  resins,  particularly  gum  lienzoin,  and  is  found  in  the 
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orine  of  the  herbivora  as  a  consequence  of  hippuric  acid  fermentation.  It  is 
occasionally  met  with  also  in  the  smegma  praeputii,  sweat  and  suprarenal  cap- 
sules ;  but  it  does  not  appear  normally  to  be  prefiirmed  in  the  organism. 

It  can  be  produced  by  boiling  a  watery  solution  of  hippuric  acid  with  strong 
hydrochloric  acid  for  an  hour : 

C,HXC,H50)N0,  +  \\0  =  Cyi^NO,  +  C.Ufi,. 

(hippuric  acid.)  (glycociu.)      (benzoic  acid.) 

Properties. — Benzoic  acid  volatilizes  witliout  decomposition  at  240°,  and 
is  deposited  in  the  form  of  fine  elongated  needles  ur  thin,  flexible,  pearly  plates. 
When  ingested  it  passes  out  in  the  urine  as  hippuric  acid.  It  dissolves  readily 
in  alcohol,  ether  and  ammonia,  but  only  to  a  slight  extent  in  boiling  water. 
Perehloride  of  iron  gives  with  bcmzoic  acid  or  alkaline  benzoates  a  brown  pre- 
cipitate of  benzoate  of  iron.  Solutions  of  frotj  benzoic  acid  or  its  salts  with 
the  alkalies  are  not  precipitated  by  a  mixture  of  alcohol,  lunmonia,  and  baric 
chloride,  thus  differing  from  succinic  acid,  which  is  thereby  precipitated. 

Derivatives. — If  benzoic  acid  is  moistened  with  nitric  acid  and  evaporated 
in  a  small  capsule  it  will  give  off  the  smell  of  nitro-benzol.  Heated  to  redness 
with  the  caustic  alkalies  it  evolves  carbonic  acid  and  benzol.  When  acted  on 
with  sodiimi  amalgam  a  solution  of  benzoic  acid  yields  benzyl  alcohol, 
CgHg.  C  Hj .  O  H . 

fey  the  distillation  of  anmionium  benzoate  with  phosphoric  anhydride  a 
colorless  oily  fluid  is  obtained,  benzonitril,  C^H-.CX. 

Glycocin  (^Glycocol,  Glycbi),  C,H.NO,  ^  CH.,NH,C()OH,  crystallizes 
in  large  rhombohedra  which  are  soluble  in  water,  but  insoluble  in  cold  alcohol 
and  ether.  It  is  a  decomposition  product  formed  by  the  action  of  acids  or 
alkalies  upon  such  animal  substances  as  glue,  gelatin,  fibrin,  and  hippuric  acid; 
obtained  also  by  the  decomposition  of  glycocholic  acid  by  boiling  it  with 
hydrochloric  acid : 

C,H,NO,+ H,0  =  C,H,NO,+  C^H.O. 

(hippuric  acid.)  (glycln.)      (benzoic  acid.) 

It  may  be  regarded  as  amido-acetic  acid,  as  it  is  built  up  by  the  action  of 
ammonia  upon  chloracetic  acid  : 

CHjCl    ,  .>XTTT  CH,rsH.j^^Yu  pi 

C00H"f"-'^^^^3~C00H    -t--^"i^'- 

It  appears  to  be  allied  to  the  cyanogen  compounds,  and  a  substitution  glycocin 
is  sarcosin  or  methyl  glycocin. 

Glycocin  is  not  found  preformed  in  the  organism,  although  some  regard  it 
as  a  constituent  of  the  liver ;  but  it  can  easily  be  formed  there  by  the  (lecom- 
position  of  such  bodies  as  albumen  and  gelatin,  a  change  that  probably  occurs 
in  the  liver ;  for  when  benzoic  acid  is  injected  into  the  portal  vein  it  is  excreted 
by  the  urine  as  hippuric  acid,  but  when  rapidly  injected  into  the  jugular  vein 
it  passes  into  the  urine  unchanged  (Kuhne).  It  is  probable,  however,  that 
the  conversion  is  not  effected  solely  in  the  liver,  but  that  the  kidneys  also 
assist  (SllEPPARD).  In  the  duodenum  also  it  is  possible  that  a  similar  decom- 
position occurs  under  the  action  of  the  pancreatic  juice. 

PreparatioiL — Boil  impure  hippuric  acid  for  an  hour  with  four  times  its 
weight  of  strong  hydrochloric  acid,  and  then  evaporate  nearly  to  dryness. 
Extract  the  residue  with  a  little  water,  boil  this  watery  extract  for  a  few 
minutes  with  freshly  precipitated  hydrated  plumbic  oxide,  and  separate  the 
precipitated  plumbic  chloride  by  filtration ;  pass  hydric  sulphide  through  the 
filtrate  to  complete  the  separation  of  the  lead ;  this  final  filtrate  contains  the 
glycocin,  and  is  to  be  evaporated  to  a  small  bulk  till  crystallization  sets  in. 

Also  obtained  by  the  action  of  acids  or  alkalies  on  gelatin. 
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Derivatives. — Under  the  action  of  nitrous  acid  glycoein  is  changed  into 
glycocollic  acid  (CjH^O^),  water  and  nitrogen  being  evolved  at  the  same  time. 
When  heated  with  baryta  it  is  decomposed  into  carbonic  anhydride  and 
methylamin : 

CH,.NH,.COOH  +  Ba(OHX  =  NH^CH,  +  BaCOj  +  H,0. 

(glycoein.)  (methylamin.) 

Ammonic  permanganate  in  an  ammoniacal  solution  oxidizes  it,  there  being 
formed  carbonic  acid,  oxalic  acid,  oxamil  (CO.NH^.COOH),  carbamic  acid, 
and  water. 


CHAPTER  XL 

KREATININ,     . 

Of  the  remaining  organic  constituents  we  cannot  do  more  here  thai 
refer  to  a  few,  such  as  kreatinin,  indican,  and  the  urinary  pigments. 

rCN 
KREATININ,  C.H.NgO  or  N^  \  ^^ 

I  (CJI^O)" 

This  is  a  constant  constitutent  of  urine.     It  forms  brilliant  color- 
less, oblique,  rhombic  prisms,  and  is  supposed  to  be  derived  from  th 
kreatin  of  muscle,  as  it  is  simply  a  dehydrated  form  of  that  body, 
alkaline  solution  of  kreatinin,  for  example,  left  to  itself  for  some  tim 
changes  into  kreatin. 

Amount, — A  grown  man  excretes  in  the  24  hours  0*5  to  1''3  gram 
or  a  mean  of  one  gram  (IIofmaxx).  Women  excrete  a  little  less  tha 
men;  infants  on  a  ])ure  milk  diet  excrete  little  or  none;  boys  (10  t 
12  years)  excrete  a  mean  of  0*887  gram,  and  old  people  a  mean  of  0- 
to  0*6  gram.  Its  proportion  is  increased  by  a  rich  flesh  diet  an 
diminished  by  abstinence. 

PatJiohijicaUi/  it  is  increased  in  acute  febrile  processes,  as  typhuj 
pneumonia,  and  intermittent  fever,  and  diminished  during  the  conval 


cence  of  the  same  (Munk),  being  also  lessened  in  anaemia,  chlorosis 
diabetes,  chronic  Bright's  disease,  and  tetanus. 

Preparation.  1.    From  Kreatin. — It  Clin  ea.sily  be  prepared  by  evapoi 
tini;  to  dryness  a  mixture  of  kreatin  (1),  water  (3),  and  sulphuric  acid  (I  J> . 
then  ])oilinir  tlu'  residue  with  freshly  precij)itated  baric  carbonate  to  sepjirate  i\r%.f} 
aeid,  filterinir  and  evaporatini!;;  or  by  boiling  the  kreatin  for  half  an  hour  witZz 
dilute  hydroehlorie  aeid,  adding  hydrated  j)lumbie  oxide,  filtering,  evaporating 
the  filtrate;  to  dryness,  extraetinir  the  residue  with  alcohol  and  again  evaporatiag: 
kreatinin  crystallizes  out  in  eolorless  prisms. 

2.  From  Urine. — Evaporate  15  to  10  pints  of  urine  to  one-fourth  to  one- 
eighth  its  volume,  and  having  allowed  it  to  cool  decant  from  the  precipitated 
salts,  add  aeetati*  of  lead  to  the  decanted  liquid,  and  filter.  The  excess  of  lead 
in  the  filtrate  is  then  removcnl  by  a  current  of  hydric  sulphide,  or  by  the  ad- 
dition of  sodic  earbcaiate;  filt«'r  again,  nearly  neutralize,  and  add  a  strong 
solution  of  mercuric  chloride,  which  causes  a  precipitate  of  kreatinin  in  com- 
bination with  itself.     This  precipitate  is  suspended  in  water,  decomposed  with 
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a  current  of  hydric  sulphide,  filtered,  the  filtrate  decolorized  with  animal  char- 
coal, and  then  evaporated  to  dryness.  Kreatinin  hydrochloride  remains.  It 
is  to  be  crystallized  two  or  three  times  from  strong  spirit,  and  the  hydrochloric 
acid  separated  from  it  by  boiling  with  hydrate  of  lead  (Maly). 

Properties. — It  forms  colorless,  glistening,  rhombic  columns,  easily 
soluble  in  hot  water  and  alcohol.  It  acts  as  a  strong  alkali,  coloring 
litmus  paper  blue,  and  being  capable  of  displacing  ammonia  from  its 
combinations,  forming  also  double  salts  with  some  of  the  metals  and 
salts  with  the  acids. 

Combinations. — It  combines  >vith  hydrochloric  acid  (C4H7N3O  + 
HCl),  a  watery  solution  of  this  body  after  the  addition  of  sodic  acetate 
giving  a  precipitate  with  chloride  of  zinc.  With  platinic  chloride  and 
hydrochloric  acid  it  forms  a  double  salt  that  is  crystalline  and  of  an 
orange  red  color.  With  chloride  of  zinc  a  granular  crystalline  precipi- 
tate [(C4H7N30)2ZnCl2]  separates  when  a  strong  solution  of  the  chloride 
of  zinc  is  added  to  a  moderately  strong  solution  of  kreatinin.  By 
using  an  alcoholic  solution  the  separation  is  rendered  more  complete. 
This  kreatinin  zinc  chloride  is  converted  into  kreatin  by  boiling  its 
solution  with  hydrated  oxide  of  lead. 

Characteristics  and  Tests. — 1.  Add  to  a  dilute  solution  some  drops 
of  a  very  watery  solution  of  sodium  nitroprusside,  then  drop  by  drop  a 
little  dilute  caustic  soda:  a  beautiful  ruby  red  color  shows  itself,  which 
soon  disappears  (Weyl).  This  test  may  be  applied  to  the  urine  directly. 
If  the  reaction  does  not  appear,  boil  the  urine  first  with  dilute  sul- 
phuric acid. 

2.  Add  zine  chloride  to  a  strong  watery  or  alcoholic  solution  of 
kreatinin,  and  a  heavy  crystalline  powder  is  thrown  down,  which  is 
soluble  in  hot  water  and  acids,  and  insoluble  in  alcohol.  With  pure 
solutions  the  crystals  are  in  the  form  of  fine  needles  arranged  in  bundles 
or  rosettes,  or  as  little  balls. 

This  reaction  may  be  employed  to  estimate  the  kreatinin  quantita- 
tively: Precipitate  the  phosphates  in  250  c.c.  urine  with  milk  of  lime 
and  then  with  calcic  chloride ;  filter  in  a  couple  of  hours,  and  evapo- 
rate the  filtrate  to  a  syrupy  consistence;  treat  this  with  50  c.c.  absolute 
alcohol,  and  having  thoroughly  mixed  it  transfer  to  a  small  beaker, 
and  let  it  stand  for  6  to  8  hours.  To  the  filtrate  add  10  to  15  drops  of 
an  alcoholic  solution  of  chloride  of  zinc.  After  2  or  3  days  bring  the 
precipitate  upon  a  weighed  filter,  and  wash  it  there  with  alcohol  (90 
per  cent.);  then  dry  and  weigh:  100  kreatinin  zinc  chloride  =  62-42 
kreatinin. 

If  the  urine  contains  albumen  this  should  first  be  separated.  Sugar 
should  also  be  removed  by  fermentation.  Any  kreatin  can  be  converted 
into  kreatinin  by  boiling  the  urine  for  half  an  hour  with  sulphuric  acid. 

3.  When  warmed  with  Fehling's  solution  it  reduces  the  cupric  salt. 

4.  Acidified  with  nitric  acid  and  heated  with  a  dilute  solution  o{ phos- 
phomolybdic  acid  it  gives  a  yellow  crystalline  precipitate,  consisting  of 
four-sided  crystalline  plates  that  are  soluble  in  hot  nitric  acid. 

5.  Nitrate  of  silver  gives  a  white  crystalline  precipitate,  easily  solu- 
ble in  boiling  water;  mercuric  chloride,  a  w^hite  caseous  flocculent  pre- 
cipitate which  quickly  changes  to  a  mass  of  fine  needles;  mercuric 
nitrate  with  sodic  carbonate  also  precipitates  it. 
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CHAPTER  XII. 

TffE  UBINABY  PIGMENTS, 

What  these  are  is  still  a  subject  of  controversy ;  indeed,  whether 
there  is  but  one  pigment  or  several  it- is  as  yet  difficult  to  say.  In  cer- 
tain abnormal  conditions,  however,  it  is  very  probable  that  there  are 
really  more  than  one.  The  whole  question,  it  must  be  confessed,  is  so 
&r  in  an  unsettled  condition. 

Aa  Schunck  has  shown,  these  urinary  pigments  are  very  readily  decom- 
posed, which  may  possibly  account  for  many  of  the  pigments  described  as  nor- 
mal constitueuts  of  the  urine. 

Urobilia,  looked  upon  as  identical  with  hydrobilirubin,  is  r^arded  by  many 
authorities  as  the  chief  urinary  pigment.  On  the  other  hand  THUDicnuM  has 
dcKJcribcd  a  pigment  (urochrome)  which  he  regards  as  a  derivative  of  haemo- 
globin, and  as  constituting  the  chief  normal  urinary  pigment. 

But,  in  addition  to  these,  other  pigments  have  been  enumerated.  Heller's 
urcfXiinthin  appears  to  be  identical  with  indican  (Schunck),  a  body  frequently 
present  in  urine,  particularly  under  disordered  conditions  of  the  system.  The 
body  described  as  uroerythrin  is  found  chiefly  in  connection  with  such  urinary 
deposits,  particularly  of  fevers,  as  uric  acid  and  urate  of  soda.  It  is  probably 
equivalent  to  Prout's  purpurate  of  ammonia  and  CJoLDiNG  Bird's  purpurin. 
But  there  is  some  rcai^on  to  believe  that  there  arc  at  least  two  of  these  pigments, 
one  soluble  and  the  other  insoluble  in  chloroform.  In  certain  leprous  affections 
bodies  giving  absorption  spectra,  and  named  urorubrohcematm  and  urofuscohoe' 
matin ^  have  been  described  as  existing  (Baum stark).  In  melanotic  cancer 
a  clirumogen  may  occasionally  be  met  with  which  blackens  on  exposure  to  the 
air.  Also  after  the  use  of  carbolic  acid  a  dark  brown  pigment  of  the  nature 
of  a  liydrochinon  derivative  appears  in  the  urine. 

.MAfMuNN  states  tliat  normal  urine  contains  a  body  apparently  identical 
with  eh()let<'lin,  and  he  thinks  that  all  the  coloring  matters  uf  bile,  including 
hicniatin.  an*  oxidized  to  eholetelin.  The  urobilin  of*  ])ile  is  produced  in  the 
intestine.  an<l  in  certain  states  of  the  system  n)ay  appear  in  the  urine,  but 
normally  it  is  oxidized  to  chol(?telin.  While  most  of  the  urinary  pigments 
may  he  trace<l  back  to  the  bile  pigments  some  of  them  may  be  directly  derived 
from  hiematin.  and  these  latter  may  sometimes  replace  the  former. 

UROBILIN  (lljffh'ohiUruhui).  C^oHj^N/)-. — In  the  urine  of  fevers, 
and  then  in  normal  urine,  Jaffk  fount!  a  pigment  which  is  especially 
charaetorize(l  by  e<Ttain  absorj)tion  bands  in  the  speotrnm,  and  by  a 
green  Huoreseenee  when  an  aninioniaeal  solution  is  treated  with  chloride 
of  zinc.  lIoi»i»E  Skylku,  however,  is  of  opinion  that  normal  urine  does 
not  contain  urobilin,  but  rather  a  conijiound  that  is  j>reoipitated  by 
plumbic  acetate,  which,  when  decnniposed  by  suljdiuric  acid  and  alcohol, 
yiehls  little  by  little  urobilin  in  consequence  of  sj)ontanoous  oxidation. 
This  urobilin  is  recognized  spectroscopically  in  only  about  10  per  cent, 
of  normal  urines,  but  after  treatment  with  hydrochloric,  sulphuric,  or 
nitric  acid  most  urines  show  the  characteristic  band  between  h  and  F. 
Also  by  treating  the  urine  with  neutral  an<l  then  with  basic  lead  ace- 
tate, and  digesting  the  precipitate  with  alcohol  acidulated  with  sulphuric 
acid,  it  is  possible  to  obtain  an  extract  giving  the  same  absorption  band, 
although  with  the  urine  of  fevers  such  treatment  is  seldom  neces.sary. 
If  the  extract  thus  obtained  is  shaken  up  with  water  and  chloroform. 
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md  the  chloroform  extract  decanted  and  evaporated,  the  urobilin  will 
remain  behind  as  a  coffee  brown,  oily,  neutral  mass.  Maly  maintains 
that  the  hydrobilirubin  he  gets  by  acting  on  bilirubin  with  sodium 
imalgam  is  identical  with  Jaffe's  urobilin;  Hoppe  Sbyler  abo  re- 
gards as  of  the  same  nature  the  body  obtained  by  the  reddcing  action 
>f  tin  and  hydrochloric  acid  on  haemoglobin  and  haematin ;  and  LiE- 
BERMANN  States  that  the  continued  reduction  of  choletelin  produces  a 
jimilar  substance.  This  hydrobilirubin  Jaffe  supposes  to  have  its 
Drigin  in  the  intestine  as  the  result  of  the  action  upon  the  bilirubin  of 
the  bile  of  the  nascent  hydrogen  generated  as  a  consequence  of  many 
rf  the  intestinal  decompositions.  And  as  the  bilirubin  is  probably 
built  up  in  the  liver  at  the  expense  of  the  haemoglobin  of  the  blood 
corpuscles,  the  globulin  constituent  furnishing  the  biliary  acids  (Hoppe 
Seyler),  the  urinary  pigment  would  thus  have  its  primary  source  in 
the  breaking  down  of  the  colored  corpuscles  of  the  blood.  The  hydro- 
bilirubin, when  formed,  would  be  absorbed  as  such  and  excreted  as  the 
coloring  matter  of  the  urine. 

Preparation  of  Hydrobilimbin.  1.  From  Bilirubin  {after  Maly). — 
Suspend  the  bilirubin  in  water  and  digest  it  with  sodium  amalgam  for  some 
lays  in  a  small  flask  loosely  closed,  warming  occasionally.  The  amalgam 
slowly  dissolves,  generating  hydrogen ;  the  nascent  gas  reduces  the  bilirubin, 
vrhich  dissolves  up  in  the  caustic  soda  that  gradually  forms : 

2C..H^,N,0,  +  H,  +  H,0  =  C,H„N,0,. 

rhe  color  of  the  solution  gets  less  and  less,  and  when  no  further  change  occurs 
decant  the  supernatant  fluid  from  the  deposited  mercury  and  acidulate  it  with 
hydrochloric  or  acetic  acid,  which  precipitates  the  greater  part  of  the  hydro- 
bDirubin  in  brown  flocculi.  These  are  then  to  be  collected  on  a  filter,  washed 
«nth  water,  dissolved  up  in  ammonia,  and  reprecipitated  with  hydrochloric  acid. 
The  hydrobilirubin  still  remaining  in  solution  in  the  filtrate  is  to  be  separated 
by  ad£ng  to  it  zinc  sulphate  and  then  ammonia;  this  precipitate  is  also  to  be 
sarefully  washed. 

2.  Of  Urohilin  from  Urine. — Highly  colored  urine  of  fevers  (10  to  30 
litres)  is  rendered  alkaline  with  ammonia,  filtered,  and  the  filtrate  precipitated 
writh  chloride  of  zinc.  The  precipitate  is  washed  with  cold  and  then  with  hot 
vrater,  boiled  with  alcohol,  and  dried  at  a  gentle  heat.  The  dried  precipitate  is 
powdered,  dissolved  in  ammonia,  and  precipitated  with  neutral  lead  acetate. 
To  the  red-colored  precipitate  some  oxalic  or  sulphuric  acid  is  added,  and  afler 
it  has  been  rubbed  up  with  alcohol  and  let  stand  aside  for  24  hours  it  is  to  be 
filtered.  The  acid  alcoholic  filtrate  shows  the  absorption  bands  of  urobilin  as 
vrell  as  a  green  fluorescence  when  it  is  rendered  alkaline  with  ammonia  and  a 
Irop  of  zinc  chloride  solution  added.  The  alcoholic  solution  is  finally  to  be 
shaken  up  with  its  own  volume  of  chloroform  and  rather  more  than  this  of 
trater,  when  the  chloroform  takes  up  the  urobilin.  The  chloroform  solution  is 
now  to  be  separated  by  decantation,  shaken  up  once  again  with  water,  and  the 
chloroform  removed  by  distillation.  An  amorphous  resinous  precipitate  is 
obtained. 

Properties. — Urobilin  is  not  crystalline,  but   forms  hard,  reddish 

brown  masses  with  a  greenish  tint  by  reflected  light.     It  is  insoluble  in 

water,  but  easily  soluble  in  alkalies,  alcohol,  chloroform,  and  ether, 

forming  rosy  red  solutions  that  exhibit  a  green  fluorescence,  and  with 

24 
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suitable  dilution  an  absorption  band  between  b  and  F.  Its  solution  in 
alkalies  is  brownish,  but  it  becomes  yellow  on  dilution.  Unlike  bili- 
rubin it  gives  no  color  reaction  with  nitric  acid;  but  its  ammoniacal 
solution,  when  largely  diluted  and  zinc  chloride  added,  gives  an  evident 
green  fluorescence. 

Detection  of  Urobilin, — 1.  Urine  of  fevers  as  well  as  urines  that 
have  stood  some  time  frequently  show  a  green  fluorescence  and  the 
characteristic  absorption  spectrum  after  having  been  rendered  strongly 
alkaline  with  ammonia,  filtered,  and  a  few  drops  of  zinc  chloride  so— 
lution  added  to  the  filtrate.     If  this  is  not  obtained  directly,  shake  50 
to  100  c.c.  of  the  urine  with  an  equal  volume  of  pure  ether;  dilute  th 
decanted  ethereal  solution,  and  dissolve  up  the  residue  in  a  few  c.c.  o 
absolute  alcohol.     The  alcoholic  solution  has  generally  a  yellow  tinge 
is  fluorescent,  and  gives  the  absorption  spectrum.     In  icteric  urine  uro 
bilin  is  abundant,  and  can  be  obtained  from  it  after  the  bile  pigment 
have  been  separated  by  milk  of  lime  and  carbonic  acid. 

2.  Precipitate  200  c.c.  urine  with  basic  acetate  of  lead,  filter,  q^ic — 
after  having  washed  the  precipitate  with  water  dry  it  at  a  gentle  heat 
then  rub  it  up  with  strong  spirit,  adding  a  little  oxalic  or  sulphuri 
acid ;  lay  aside  for  twenty -four  hours  and  filter.     The  filtrate  is  fluorT::^ 


escent  and  shows  the  absorption  band  when  rendered  alkaline  wit 
ammonia  and  treated  with  chloride  of  zinc.  These  appearances,  ho 
ever,  may  be  better  seen  with  the  extract  obtained  by  shaking. t 
alcoholic  filtrate  with  water  and  chloroform.  Shake  a  little  of  t 
chloroform  extract  with  some  iodine  solution  and  dilute  caustic  potasl 
a  yellow  to  a  brownish  yellow  coloration  is  obtained  with  marked  greer  i- 
ish  fluorescence  (Gerhardt). 

There  are  many  urines  that  at  first  give  no  absorption  spectruii -^i? 

but  which  after  a  time  become  darker  colored  and  exhibit  it  distinctly       ", 
but  the  same  urines  may  be  made  to  show  the  characteristic  reactioi        i, 

without  such  delay,  by  treating  them  with  acetate  of  lead  and  decon _n- 

posing  the  })recipitate  by  means  of  an  acid.  This  leads  one  to  sup|>o^^3e 
that  the  urobilin  is  not  always  ])resent  as  such,  but  may  exist  as  am—  n 
uncolored  body,  urobilinogen  or  urochromogen — an  opinion,  we  ha^^^e 
seen,  Huppk  Seyler  holds  with  regard  to  normal  urine. 

•3.  Urobilin  can  easily  be  detected  in  the  fix^ces  by  extracting  wifcz  h 
alcohol  and  examininor  the  alcoholic  extract  as  in  1  or  2. 

TJROCHROME  (TurinciirM)  is  an  amorphous  dark  yellow  colort£^=^d 
su]).stance,  solu])le  in  water  and  less  soluble  in  alcohol,  ether,  dilu  tDo 
acids,  and  alkalies.     It  is  decomposed  by  dilute  acids,  and  when  boili^J 
with  them  its  decomposition   products  consist  of  a  mixture  of  ui-<3- 
melanin,  uropittin,  and  omicholin.     Its  watery  solutions  are  precipi- 
tated bv  silver  nitrate,  acetate  of  lead,  and  acetate  and  nitmte  of  ni€?r- 
cury. 

\^romdanin  has  the  formula  Cs^jII^aN-Oi^  (Thudichum),  showing  a 
close  correspondence  to  that  of  the  choroidal  pigment. 

Preparation. — Acidify  the  urine  with  sulphuric  acid,  and  precipitate 
it  completely  with  nitric  acid  solution  of  phosphomolybdic  acid;  wasi 
the  precipitate  with  water  slightly  acidulated  with  sulphuric  acid,  and 
decompose  it  with  boiling  baryta  water  in  excess;  filter  and  free  the 
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filtrate  from  baryta  by  a  current  of  carbonic  acid  gas.  Precipitate 
successively  with  neutral  and  basic  lead  acetate  and  with  ammonia; 
collect  the  precipitates  and  decompose  them  with  hydric  sulphide. 

Or  the  lead  precipitates  may  be  decomposed  with  sulphuric  acid, 
and  the  filtrate  precipitated  with  phosphomolybdic  acid. 

The  urochrome  is  purified  by  shaking  its  aqueous  solution  with  a 
little  freshly  precipitated  oxide  of  silver. 

This  body,  about  which  considerable  doubt  is  still  expressed,  has 
repeatedly  been  prepared  by  the  author  according  to  the  different  pro- 
cesses proposed  by  Thudichum.  He  has  also  verified  many  of  Thudi- 
chum's  statements  as  to  its  character  and  properties,  and  has  convinced 
himself  as  to  its  non-identity  with  hydrobilirubin. 


CHAPTER  XIII. 

IN  Die  AN. 

INDICAli'(C/ro2:a/if/«n)  belongs  to  the  indigo  series,  which  is  nearly 
related  to  the  benzene  group.  In  certain  plants  of  the  genus  Indigo- 
fera  a  glucoside  exists  called  indican,  CoeHj^NOiy;  this  body  under  the 
influence  of  acids  or  ferments  generates  indigo  blue  and  indiglucin, 
CjgHjiNOiy  +  2H2O  =  CgH^NO  +  SCgHioOo.  Schunck  regarded  the 
indican  that  sometimes  occurs  in  urine  as  of  the  same  nature  as  the 
indican  of  plants;  but  Baumann  and  others  affirm  that  the  indican  of 
urine  is  not  a  glucoside,  as  it  yields  no  body  capable  of  reducing  cupric 
salts  (indiglucin,  C^jH^^Og),  but,  instead,  probably  an  ether  of  the  same, 
oxindol  sulphuric  acid,  and  accordingly  it  is  not  identical  with  the 
indican  of  plants.  Baumann  assigns  to  the  indwan  of  urine  the 
formula  KC8HgNS04,  as  he  considers  it  indoxyl  potassic  sulphate.  It  is 
probably  equivalent  to  Heller's  uroxanthin ;  the  formula  CgHyNSO^ 
has  accordingly  been  taken  as  representative  of  the  composition  of  the 
acid,  which,  however,  is  not  known  in  the  free  state.  The  liver  is 
supposed  to  be  the  seat  of  its  fonnation,  and  Jaffe  looks  upon  its 
appearance  in  the  urine  as  the  result  of  the  presence  of  indol  in  the 
alimentary  canal.  When  indol  (CgHyN)  is  taken  in  the  food  or  injected 
subcutaneously  the  indican  in  the  urine  is  increased.  Indol  is  a  con- 
stituent of  the  faeces,  being  probably  formed  by  the  continued  action  of 
the  pancreatic  secretion  upon  albumen  (Nencki).  This  indol  is  oxidized 
in  the  organism  and  combines  with  sulphuric  acid,  the  change  possibly 
taking  place  in  the  intestine.  The  greater  part  of  the  indol  is  elimi- 
nated by  the  faeces,  communicating  to  these  their  characteristic  odor, 
but  part  is  absorbed  and  appears  in  the  urine  as  indican.  In  intestinal 
obstruction,  therefore,  it  should  be  greatly  increased  in  the  urine,  and 
Jaffj6  has  found  this  to  be  the  case.  If  finely  powdered  indigo  is  mixed 
with  the  food  of  rabbits  the  urine  will  precipitate  indigo  blue  on  the 
addition  of  hydrochloric  acid ;  but  this  does  not  hold  good  with  dogs. 
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Many  urines,  when  strongly  aoidified  with  hydrodiloric  acid,  becom 
blue-colored  and  deposit  a  blue  pigment ;  and  often  wben  a  urine  con- 
taining indican  becomeB  putrid  the  indican  decomposes,  indigo  white 
and  then  indigo  blue  being  formed,  a  blue  pellicle  appearing  on  the 
surface  of  the  uriue.     OccasioDally  also  it  appears  in  the  sweat. 

Preparation.  («)  Of  Indigo  from  Urine  of  I  lane. — Concentrate  to  a 
syrup,  unil  extract  with  excess  of  idcohol ;  then  distil  nff  tb<^  ulcohul  and  shake 
thti  residue  with  several  times  its  volume  of  ether.  The  synip  now  renuuniug 
is  to  bo  separated  from  the  uric  acid  crystals  with  which  it  is  mixed  and  dis- 
solved in  water ;  this  solution  is  treated  with  neutral  and  then  with  biieic  a«etat« 
of  lead  so  loi^  as  a  precipitate  is  formed,  and  to  the  filtral6  some  ticetat«  of  lutwl 
and  ammonia  added,  and  the  whole  laid  aside  for  24  hours.  The  precipit«t« 
then  formed  is  collected,  and  afler  it  Una  been  expressed  il  is  suspended  in 
water  and  a  current  of  carbonic  acid  passed  ihroiifih.  The  filtrate  from  this  is 
eraiwrol^d  lu  dryness,  the  residae  extracted  with  alcohol,  and  a  current  of 
hydric  sulphide  passed  to  separate  any  lead  that  may  be  present.  The  fii 
filtrui«  tlien  obtained  is  evaporated  to  dryness,  but  the  product  is  impure. 

The  filtrate  also  from  the  normal  aud  basic  lead  acetate  may  be  pruuipi 
with  ammonia,  and  the  preeipitate  collected,  washeil,  and  decomposed 
fumiug  hydrochloric  acid.  From  the  filtrate  indip)  blue  separates,  gerw 
mixed  with  some  lead  chloride. 

Dili's  nriiie,  which  is  very  rich  in  indican,  may  be  used  instead  of  hi 
urine.  Kven  on  bi)ilia<.'  it  with  hydrochloric  acid  it  is  possible  to  obtain 
indigo  as  a  fine  powder. 

lb')  From  Indigo, — In  the  following  process  the  purification  is  effected 
first  reducing  the  crude  indigo  to  indigo  white,  and  then  nmxididng  the  It 
Iteduee  some  finely  powdered  indigo  (3  parts)  with  slaked  lime  (6  parts),  ftr^ 
rons  sulphate  (4  parts),  mixing  them  together  with  boiling  water  (46(1  parts), 
and  filling  a  fiask  completely  with  the  mixture ;  coric  tightly  and  lay  aside  till 
a  deep  yellow  siJution  is  obtained;  indigo  white  or  indigt^n  is  formed 
(Ci,H„r%0,J.  Now  transfer  the  fluid  by  means  of  a  syphon  to  a  vessel  "" 
tainiug  (lilute  hydrochloric  acid ;  a  precipitate  is  obiaini-d.  partieularly 
the  whole  has  been  wuU  shaken,  the  indign  white  having  oxidised  into  ii 
bine  or  indigotin:  C„H„N,0,+0  ^  C.,H,„NA+E,0.  If  little  or 
exposure  tii  the  air  bus  occurred,  the  vellow  liijuid  will  give  a  preci|Ht«t<' 
indigo  white  on  the  addition  of  the  hydrochloric  acid ;  but  this  body 
oxygen  with  great  avidity. 

CuuiioQS  snbtimation  of  commercial  indigo  gives  nearly  pure  indigo  bl 
The  sublimation  is  best  effected  by  mixing  powdered  indigo  ( 1 )  with  plaster  nf 
Paris  (2),  making  into  a  paste  with  water,  and  then  drying  upon  an  iron  plate. 
Heat  this  nuuM  over  ii  spirit  lump,  and  mintile  irregular  crystals  of  pure  indi^ 
will  apjiear  on  the  surface.     When  ihest:  crystals  are  sublimed  they  rise     '  ~ 
fine  blue  or  violet  reil  vapor,  that  condenses  into  dark  blue  needlee  havii 
coppery  lustre,     The«e  are  insoluble  in  water,  alcohol,  ether,  and  dilute 
and  alkalies,  but  ejisily  soluble  in  boiling  cblorofomi  or  amyl  alcohol. 

Quantity  of  Indican, — Normal  urine  is  poor  in  indican ;  it  gives 
colored  chloroform  solution  if  jireviously  treated  with  an  equal  volt 
of  hydrochloric  acid.  As  a  mean  Jaffe  found  l5'6  milligrains  in  1,0) 
c.c,  but  it  a))pcarH  to  be  abundant  in  the  urine  of  inhabitants  of  th« 
tmpics.  Horse's  nrine  contains  152  milligranis  in  1,000  c.c.  Feeding 
dogs  with  gelatin  dltl  not  increase  the  indican,  while  a  corresponding 
amount  of  liesli  raised  it  to  16  to  17  milligranis  per  day.     The  quant'*"^ 
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of  indican,  however,  is  very  variable,  and  the  same  may  be  said  for  its 
indications.  In  cases  of  cancer  of  the  stomach  and  liver  Hoppe  Seyler 
some  days  found  much  indigo,  but  only  traces  on  others. 

Tests. — 1.  Mix  20  to  40  drops  urine  with  3  or  4  c.c.  fuming  hydro- 
chloric acid ;  or  the  urine  may  be  warmed  after  the  addition  of  a  little 
hydrochloric  or  nitric  acid ;  a  violet  red  or  intense  blue  color  is  developed. 
Sometimes  the  addition  of  2  or  3  drops  concentrated  nitric  acid  favors 
the  reaction  (Heller). 

2.  Mix  equal  volumes  of  the  urine  and  of  hydrochloric  acid,  and  add 
cautiously,  drop  by  drop,  a  saturated  solution  of  chloride  of  lime,  shaking 
well  until  a  green  color  makes  its  appearance ;  if  much  indican  is  present 
a  red,  violet,  or  blue  color  will  develop,  and  a  blue  deposit  may  be 
obtained  on  filtration  (Jaffe).  Normal  urine  generally  gives  a  reddish 
violet  color  when  thus  treated.  Senator  recommends  the  addition  of 
chloroform  after  the  chloride  of  lime ;  when  the  whole  is  then  well 
shaken  the  chloroform  dissolves  up  the  indigo  blue  formed  and  sinks  to 
the  bottom  of  the  vessel  as  a  blue  solution  which  gives  an  absorption 
band  in  the  spectrum  between  c  and  D  (Stokvis).  Ether  can  be  em- 
ployed instead  of  the  chloroform,  and  a  dilute  solution  of  bromine  water 
in  place  of  the  lime  chloride  solution,  which  does  not  keep  well.  The 
reaction  can  also  frequently  be  obtained  by  the  addition  of  ^  the  volume 
of  the  urine  of  hydrochloric  acid  followed  by  the  chloroform  alone.  If 
the  urine  contains  albumen  this  must  be  separated  before  applying  the 
test,  while  an  excess  of  pigment  may  be  removed  by  lead  acetate. 

3.  Warm  the  urine  with  twice  its  volume  of  nitric  acid,  and  shake 
with  a  little  chlorofonn  and  ether :  if  indigo  blue  is  present  a  violet 
blue  solution  will  be  obtained,  giving  the  absorption  band.  Or  the 
same  result  will  be  obtained  by  the  addition  of  some  hydrochloric  acid 
containing  a  trace  of  nitric  acid,  and  subsequently  shaking  the  mixture 
up  with  a  little  chloroform. 

Quantitative  Estimation.  I.  Approximative. — The  cjuantity  may  be 
approximately  estimated  by  adding  5  c.c.  hydrochk^ric  acid  to  20  or  30  drops 
of  urine,  warming  gently  without  boilinjr,  and  airitatinjjr  constantly.  Dark  striae 
form  and  the  color  soon  becomes  a  very  pale  violet,  a  darker  violet,  or  a  pale  or 
dark  blue.  Now  add  2  drops  nitric  acid  and  warm  gently  :  the  blue  and  violet 
tints  disappear  and  a  more  or  less  intense  yellow  tint  makes  its  appearance — 
very  slowly  when  the  indican  is  abundant,  but  rapidly  when  it  i.s  scanty.  The 
indican  is  diminished  or  absent  when  no  change,  or  only  a  pale  violet  tinge,  is 
attiiined ;  evidently  present  when  the  violet  color  is  marked ;  abundant  when 
it  is  of  a  distinct  blue ;  veri/  abundant  when  there  is  produced  immediately  a 
blackish  pulverulent  precipitate. 

II.  Quantitative  (Salkowski). — (1)  To  j^repare  the  standard  solution 
of  indigo  blue  bring  some  finely  powdered  indigo  blue  upon  a  filter  and  weigh 
it  between  watch  glasses.  Then  pour  some  hot  chloroform  n^peatedly  upon  the 
filter,  and  aft«r  drying  the  filter  between  the  watch  glasses  weigh  it  again  :  the 
loss  in  weight  will  give  the  amount  of  indigo  blue  dissolved  in  the  chloroform. 
About  200  c.c.  chloroform  may  be  employed  for  the  purpose.  (2)  Take  two 
small  beakers  and  place  10  c.c.  urine  and  10  c.c.  hydrochloric  acid  in  each. 
Add  to  the  one  (a)  0*2  c.c.  and  to  the  other  {b)  04  c.c.  filtered  solution  of 
chloride  of  Ume  (1  :  20).  After  half  a  minute  or  so  note  the  change  of 
color — h  is  generally  darker  in  tint.     To  a  add  0*4  c.c.  more,  and  to  b  the 
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same ;  note  the  color  about  30  seconds  or  so  after  each  addition,  and  continue 
adding  more  until  the  tint  becomes  no  darker,  but  rather  brighter  from 
destruction  of  the  indigo.  Suppose  that  to  effect  this  1  2  c.c.  have  been  added, 
then  we  may  regard  1  c.c.  as  sufficient  for  our  estimation. 

(3)  Now  take  10  c.c.  urine,  10  c.c.  hydrochloric  acid,  and  1  c.c.  chloride  of 
lime  solution,  and  mix  them  together.  This  is  to  be  neutralized  with  caustic 
soda,  saturated  to  excess  with  carbonate  of  soda,  thrown  on  a  small  filter,  and 
washed  thoroughly  with  hot  water  till  the  alkaline  reaction  has  disappeared ; 
the  filter  is  next  dried,  cut  into  pieces,  and  heated  in  a  small  flask  with  chloro- 
form until  the  color  is  completely  removed  from  the  filter  paper.  The  same  is 
also  to  be  done  with  the  urine  prepared  as  in  (2).  For  urines  moderately  rich 
in  indican  about  80  c.c.  chloroform  are  required,  but  for  urines  rich  in  this  body 
much  more  is  necessary.  Accordingly,  to  save  the  chloroform  only  2*5  or  5 
c.c.  of  the  urine  may  be  originally  employed  instead  of  10  c.c,  this  being  made 
up  to  10  c.c.  with  water.  (3 )  Filter  the  chloroform  extract  into  a  dry  cylinder, 
and  dilute  up  to  a  round  number  with  chloroform. 

(5)  It  is  next  necessary  to  determine  the  intensity  of  color,  and  for  this 
purpose  we  should  be  provided  with  two  little  flattened  glass  chambers,  whose 
walls  are  about  1  cm.  apart.  These  may  be  fixed  on  the  same  plate  of  glass. 
To  the  one  add  10  c.c.  chloroform  extract,  and  to  the  other  10  c.c.  chloroform. 
Into  the  latter  drop  from  a  small  burette  as  much  indigo  solution  of  known 
strength  as  will  impart  the  same  intensity  of  blue  as  that  of  the  chloroform 
extract.     Place  the  little  vessels  on  white  paper. 

10  c.c.  urine  gave  30  c.c.  blue-colored  chloroform  extract.  10  c.c.  pure 
chloroform  required  an  addition  of  20  c.c.  of  the  standard  indigo  solution  to 
attain  the  same  intensity  of  color.  The  indigo  solution  contains  in  200  c.c 
O'OOTA  gram  indigo  ;  theretbro  20  contain  0()0074  ;  accordingly  the  10  c.c.  of 
urine  from  which  the  chloroform  extract  was  obtained  contain  000074  irram 
indigo,  and  100  =  00074  gram. 

Derivatives. — Indican  combines  with  the  metals,  forming  salts  that  are 
not  decomposed  by  acetic  acid,  but  readily  so  by  the  stronger  acids  even  in  a 
dilute  form ;  under  their  influence  it  splits  up,  sulphuric  acid  separating  and 
indigo  blue  being  generated.  Concentrated  hydrochloric  acid,  to  every  100  c.c. 
of  which  2  drops  chloride  of  lime  solution  (1  :  20)  have  been  added,  serves 
this  purpose  admirably.  It  is  thus  resolved  into  sulphuric  acid  and  oxindol, 
the  latter  passing  readily  into  indigo  blue: 

2C,H,NKS0,  =-  C,,H,,N..O.,  (indigo  blue)  +  2KHS0,. 

By  the  action  of  concentrated  acids  a  purple  red  sublimable  body,  probably 
identical  with  Heller's  urrliodin  and  Scuunck's  indigrubin,  is  obtained, 
which  is  insoluble  in  water,  but  forms  a  carmine  red  solution  in  alcohol  and 
other.     Many  urines  are  especially  rich  in  this  urrhodin. 

Indigo  Blue  (C^H^NO)  forms  minute  irregular  crystals;  it  is  in.soluble  m 
water,  alcohol,  ether,  and  dilute  acids  and  alkalies,  but  etisily  soluble  in  boiling 
chloroform  or  aniyl  alcohol,  the  solution  in  this  last  reagent  giving  an  absorp 
tion  band.  It  dissolves  in  strong  sulphuric  acid,  forming  a  blue  solution,  aod 
if  to  a  weak  solution  of  indigo  blue  in  sulphuric  acid  soda  and  then  sodic  sul- 
phate are  added,  indigo  carmine  \S^if^^^^n0.i{^O.J^)J\  is  generated,  which 
shows  a  dark  absorption  band  between  c  and  D  of  the  spectrum. 

Indigo  blue  when  heated  with  strong  reducing  agents,  as  by  distillation 
over  heated  zinc  dust,  etc.,  generates  oxindol,  and  finally  indol.  Indigo  ichtl^ 
(C^HjNO  or  Cjgllj^Np.)  Ls  one  of  its  first  reduction  products.  This  wi(/o/ 
(CJLX)  is  one  of  the  decomposition  products  of  albuminous  bodies,  and  it  is 
possibly  also  one  of  the  results  of  the  continued  pancreatic  digestion  of  such 
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bodies  (Nencki),  although  its  appearance  is  more  probably  due  to  a  simul- 
taneous putrefaction!  for  no  indol  makes  its  appearance  if  salicylic  acid  is  pres- 
ent. Indol  is  readily  prepared  by  decomposing  albumen  with  the  caustic 
alkalies;  also  in  small  quantity  by  heating  albumen  in  water  up  to  200°  under 
pressure.  It  crystallizes  from  its  solutions  in  hot  water  in  shining  colorless 
laminae,  and  when  fused  with  potash  it  is  converted  into  anilin ;  potassic  nitrite 
added  to  its  solution  acidulated  with  HCl  gives  a  rosy  red  coloration,  and  a 
deal  shaving  that  has  been  dipped  in  hydrochloric  acid  is  stained  a  deep  red 
by  its  vapor,  or  when  dipped  in  its  solution ;  with  picric  acid  it  forms  a  crys- 
talline compound. 

Skatol  (CgHgN — Nencki  and  Brieqer)  is  another  product  of  the  putre- 
factive changes  occurring  in  the  intestine  which  may  be  here  just  passingly 
referred  to.  When  present  in  the  urine  it  gives  a  violet  red  color  with  strong 
hydrochloric  acid  and  chloride  of  lime  (Brieger),  and  is  soluble  in  water  and 
ether.  When  a  mixture  of  finely  divided  muscle  and  pancreas  is  allowed  to 
putrefy,  and  then  distilled  after  the  addition  of  acetic  acid,  skatol  distils  over. 
It  can  next  be  precipitated  with  picric  acid,  and  the  precipitate  distilled  with 
ammonia  (Nencki). 

By  suspending  some  finely  powdered  indigo  blue  in  boiling  water  (3),  and 
gradually  adding  to  it  nitric  acid  (sp.  gr.  1*3),  the  blue  color  disappears,  and 
from  the  filtrate  when  cold  isatin  separates.  This  last  body  can  be  dissolved 
up  again  in  caustic  potash,  reprecipitated  with  hydrochloric  acid,  and  crystal- 
lized from  alcohol,  from  which  it  is  deposited  in  brilliant  reddish  yellow  prisms. 
After  the  ingestion  of  isatin  the  urine  is  altered  to  a  red  or  black  color,  and 
gives  a  dark  red  granular  precipitate  that  is  insoluble  in  water,  but  soluble  in 
alcohol  and  acetic  acid. 

The  continued  reduction  of  isatin  produces  the  following  bodies : — 

(Isatin       =  CieH,„NA)  Oxindol  =  C.eH.^N^O^ 

Isatyd        =  C„H,,NA 
Dioxindol  =  CieH;,N,0, 

When  boiled  with  strong  caustic  potash  it  is  decomposed  into  anilin,  hydrogen, 
and  carbonic  anhydride.  Strong  nitric  acid,  when  boiled  with  it,  gives  nitro- 
salicylic  acid,  and  if  the  oxidation  is  continued  picric  acid,  CgH2(N02)30H. 

Indigo   forms  two  sulphates  with  boiling  sulphuric  acid — indigo-mono-' 
sulphonic  acid  (CigHgNjOj.SOgH),  and  sulphindigotic  acid,  C,gHgN202(SOsH)2. 
Crude  indigo,  when  boUed  in  succession  with  dilute  acetic  acid,  yields  indigo 
gelatin;  with  dilute  caustic  potash,  indigo  brotcn;  with  alcohol,  indigo  red; 
leaving  a  residue  of  nearly  pure  indigo  blue. 


Indol       =  CjgH^.N,. 


CHAPTER   XIV. 
ADDITIONAL  ORGANIC  CONSTITUENTS. 

I.  Phenol  Snlphonio  Acid,  CgH..SO^H. — In  the  24  hours  only  about 
0.001  gram  is  excreted  in  the  urine;  but  this  may  be  increased  to  three  times 
that  amount  with  a  rich  vegetable  diet,  or  after  ingestion  of  phenol  or  benzol; 
and  a  pathological  increase  shows  itself  in  peritonitis,  particularly  in  ileus  and 
lympho-sarcomatous  'tumor  in  the  abdominal  cavity.  0*17  to  0*23  or  even 
0*34  gram  in  the  24  hours  has  been  observed. 

It  can  be  prepared  from  horse's  urine  by  evaporating  it  to  a  small  bulk, 
extracting  this  with  alcohol,  and  evaporating  the  extract  to  a  syru^j^  ^KvcifcL  >& 
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to  be  laid  aside  in  a  cold  place  to  crystallize.     The  deposit  is  collected  and 
dried  between  folds  of  filter  paper  and  then  recrystallized  from  boiling  spirit 

*  K  I  ^^* )    ^  ^^^^  obtained,   forming  white 

pearly  scales. 

If  rapidly  heated  it  melts,  and  dissolves  easily  in  water ;  the  solution  gives 
a  ruby  red  color  with  ferric  chloride. 

II.  Gressol  Snlphonio  Acid,  CgH/CH3)S0^H. — In  human  urine  this  is 
present  in  only  very  small  proportion,  while  in  the  urine  of  the  herbivora  it  is 
comparatively  abundant ;  accordingly  its  amount  is  affected  by  the  diet. 

The  potassic  salt  of  this  body  closely  resembles  that  of  the  previous  acid. 
When  treated  with  hydrochloric  acid  it  is  decomposed  into  sulphonic  acid  and 
paracressol,  an  oily  body  distilling  at  197°  and  forming  colorless  prisms  at  a 
low  temperature. 

III.  Brenzcateohin  Sulphonio  Acid  is  another  occasional  constituent  of 
human  urine.  Its  presence  is  usually  indicated  by  the  urine  containing  it 
becoming  dark-colored  when  decomposition  is  setting  in.  The  dark  brown 
coloration  shows  itself  first  ia  the  surface  layers;  when  treated  now  with  al- 
kalies it  soon  becomes  of  a  brownish  black. 

This  body  reduces  aromoniacal  solutions  of  silver  and  mercuric  nitrate, 
and  alkaline  solutions  of  cupric  sulphate.  It  can  be  separated  from  a  urine 
containing  it  with  acetate  of  lead,  which  does  not  precipitate  grape  sugar. 

Hydrochloric  acid  decomposes  this  acid  into  sulphuric  acid  and  brenz- 
catechin  [CgH^(OH).J,  a  body  apparently  identical  with  Boedecker's  at- 
kapton.  This  brenzcatechin  reduces  auric,  argentic,  and  cupric  salts;  its 
alkaline  solution,  when  exposed  to  the  air,  absorbs  oxygen,  and  takes  a  green- 
ish and  then  a  brownish  black  color.  Its  watery  solution  gives  a  smalt  green 
with  ferric  chloride,  or  a  violet  after  the  addition  of  acetic  acid  and  ammonia. 
,Tlie  administration  of  pyrogallic  acid  [C\.II.,( 011)3],  salicin  (Cj^Hj.O;), 
hydroquinon  and  resorciii  [CgH,(OH)J  causes  an  increase  in  the  amount  of 
brenzcatechin  sulphonic  acid. 

IV.  Kiyptophajiie  Acid  (C-II9NO.)  has  been  described  by  Thudichum 
as  the  normal  free  acid  of  the  urine.  He  regards  it  as  a  tetrabasic  body  that 
unites  freely  with  the  metals,  forming  salts,  and  he  obtains  it  therefrom  as  a 
transparent,  gummy,  solid  body,  whose  aqueous  solutions  are  'precipitated  bv 
silver  and  mercuric  nitrates. 

Malv,  PiRCiiER,  and  Salkowski,  however,  have  found  it,  and  accord- 
ingly they  regard  it  as  a  variable  mixture  of  still  unknown  bodies. 

\,  Nephrozjrmase  is  a  body  described  by  B^xhamp  as  occurring  in 
normal  urine,  and  which  is  precipitated  from  that  fluid  by  the  addition  of 
thn^e  times  it.s  volume  of  alcohol.  It  is  a  protein  substance,  according  to  hiuK 
which  between  G0°  and  70°  forms  sugar;  but  Leube  regards  it  as  a  mixture 
of  an  albuminous  and  of  a  saccharine  body, 

VI.  In  the  urine  of  old  people  Alcohol  is  always  present  in  small  pro- 
portion. 


CHAPTER  XV. 
THE  INORGANIC  CONSTITUENTS  OF  URINE. 

These,  as  we  have  seen,  consist  chiefly  of  the  })ases  sodium,  po- 
tassium,   ammonium,    calcium,    magnesium,   and   iron  combined  with 
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hydrochloric,  phosphoric,  and  sulphuric  acids,  together  with  gases  and 
traces  of  nitrate.  The  sodium  exists  mainly  as  chloride.  The  bases, 
as  well  as  their  amount,  depend  largely  on  the  nature  of  the  food ;  if 
the  food  is  deficient  in  salts,  so  also  will  be  the  urine.  With  a  vege- 
table diet  the  excess  of  the  alkalies  in  the  food  reappears  in  the  urine, 
and  with  an  animal  diet  the  earthy  bases  predominate. 

CHLOEIDES.— Chloride  of  sodium  is  one  of  the  most  essential  of 
the  saline  constituents  of  the  organism.  It  is  contained  in  all  its 
tissues  and  secretions,  and  its  presence  excites  assimilation,  as  well  as 
being  indispensable  for  the  formation  of  most  of  the  secretions,  and 
particularly  of  the  gastric  juice. 

It  crystallizes  in  the  cubic  system,  but  when  the  crystals  form  in  a 
solution  containing  organic  substances  it  appears  in  the  form  of  octahedra 
as  well  as  in  cubes;  sometimes  it  is  met  with  in 
the  urine  crystallized  in  combination  with  urea 
in  the  form  of  rhombic  plates  (CON2H4,NaCl  + 
H2O). 

A  saturated  watery  solution  contains  at  or- 
dinary temperatures  31*84  per  cent,  of  the  salt. 
It  is  alpaost  insoluble  in  absolute  alcohol.  A 
standard  solution  can  be  readily  prepared  by 
adding  an  excess  of  the  salt  to  water,  agitating 
frequently,  and  filtering  after  twenty-four  hours. 
10  c.c.  of  this  solution  contain  exactly  3-184  ^'s^DmliSwDE.''^ 
grams  NaCl ;  and  20  c.c.  are  diluted  with  water 
up  to  318-4  c.c,  of  which  10  c.c.  =  0-2,  or  200  milligrams  of  NaCl. 

Amaunt — The  proportion  of  chlorides  in  normal  urine  is  greater 
than  that  of  all  the  other  salts  together ;  only  in  high  fevers  it  is  less 
than  the  sum  of  the  sulphates  and  phosphates. 

In  male  adults  the  proportion  of  chlorine  excreted  in  the  24  hours 
=  6  to  10  grams  ('NaCl  =  10  to  16  grams),  or  a  mean  of  7  grams' 
chlorine  (108  grains)  and  11*5  grams  sodium  chloride  (178  grains),  or 
0-126  gram  per  kilo,  of  body  weight;  in  adult  females  a  mean  of  5*5 
to  6-5  grams  chlorine,  or  0-116  per  kilo.;  and  for  children  above  3 
years  4*5  to  5-3  grams  chlorine.  Hegar  places  the  average  about  11 
to  15  grams,  though  he  says  it  may  vary  between  7*4  and  13  grams; 
VoGEL  gives  it  as  10  to  13  grams. 

The  amount  undoubtedly  varies  in  different  individuals,  and  varies 
even  on  different  days  in  the  same  person,  sometimes  as  much  as  30  to 
60  per  cent.,  depending  on  the  nature  and  amount  of  the  food,  being 
increased  some  hours  after  a  meal,  salt  beef  and  copious  ingestion  of 
fluids  particularly  augmenting  it;  but,  as  Barral  has  shown,  the  whole 
of  the  sodic  chloride  in  the  food  is  not  excreted  as  such,  about  a  fifth  of 
it  being  decomposed  by  acid  potassic  phosphate  to  form  potassic  chloride 
and  acid  sodic  phosphate.  Mental  and  physical  activity  also  increase 
it,  and  it  is  more  abundant  during  pregnancy.  ROhmann  is  of  opinion 
that  the  organic  albumen  in  becoming  circulating  albumen  binds  sodium 
chloride  with  itself,  and  that  this  is  liberated  in  the  decomposition  of 
the  albumen. 
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Tests. — 1.  Silver  nitrate  produces  a  white  precipitate  of  silver 
chloride  which  is  insoluble  in  nitric  and  hydrochloric  acids,  readily  sol- 
uble in  ammonia,  and  blackens  on  exposure  to  the  light. 

2.  Mercurous  nitrate  gives  a  white  precipitate  (calomel)  which  is 
insoluble  in  water  and  blackened  by  ammonia.  Both  these  tests  can  be 
applied  to  the  urine. 

3.  A  solution  of  a  chloride  gives  a  white  precipitate  of  plumbic 
chloride  on  the  addition  of  neutral  plumbic  acetate^  which  is  soluble  in 
boiling  water. 

4.  Strong  sulphuric  acid  added  to  the  dry  salt  causes  hydrochloric 
acid  gas  to  be  evolved. 

5.  Sodic  chloride  imparts  an  intense  yellow  color  to  the  flame,  giv- 
ing the  well-marked  double  line  d  in  the  spectrum. 

Pathological  Alterations. — Id  estimatiDg  the  chlorides  it  must  be  remem- 
bered that  part  of  them  is  to  be  reckoned  as  potassic  chloride.     Salkowski 
indeed  believes  that  the  amount  of  the  potassic  chloride  is  increased  during 
febrile  affections,  even  to  three  to  five  times  its  ordinary  amount,  after  the  crisis 
its  quantity  returning  to  the  normal.     A  fever  patient  therefore  excretes  more 
potash  than  soda,  the  convalescent  more  soda  than  potash.    ZOlzer  has  shown 
that  with  the  diminution  in  the  excretion  of  phosphoric  acid  in  fever  there  is 
also  a  diminished  excretion  of  sodium  chloride,  whilst  the  potassium  chloride  is 
correspondingly  increased.     ROhmann's  experiments  indicate  that  in  fever  less 
sodic  chloride  is  excreted  than  is  ingested,  which  would  point  to  a  retention  of 
the  salt  in  the  economy.     But  the  character  of  the  food  in  fevers  must  have  an 
influence  on  the  amount  of  potassic  chloride  in  the  urine,  coflfee,  beef  tea,  and 
beer,  etc.,  being  rich  in  potash  salts.     The  sodic  chloride  seems  to  be  required 
in  inflammatory  exudations,  effusions,  or  other  exudations.     Proliferations  (as 
in  cancer)  and  different  fluxes  or  discharges  cause  it  to  disappear  in  whole  or  in 
part  from  the  urine.     In  all  acute  fevers,  particularly  those  in  which  there  are 
abundant  exudations,  new  formations,  or  fluxes,  there  is  likewise  a  notable 
diminution  in  the  chlorides  excreted.     In  these  cases  not  merely  is  the  inges- 
tion of  the  salt  lessened,  but  it  is  kept  back  in  the  body.     In  pneumonia,  for 
example,  towards  the  crisis  the  sodic  chloride  may  be  absent  from  the  urine: 
thus  in  a  case  of  croupous  pneumonia  during  the  fever  there  was  a  daily  excre- 
tion of  1  to  I'G  gram ;  the  day  after  the  crisis,  7*87  grams;  and  the  second  day, 
10*18  grams.     That  it  is  not  diminished  entirely  on  account  of  its  excretion 
elsewhere  in  exudation  is  seen  by  its  diminution  in  such  diseases  as  typhus,  re- 
current fever,  etc.     In  most  chronic  diseases  also  the  chlorides  are  likewise 
lessened  in  the  urine,  as  is  the  case  often  in  Bright's  disease,  rickets,  chorea, 
and  pemphigus;  and  they  are  absent  in  cholera. 

In  the  early  days  after  the  crisis  of  fevers  the  chlorides  are  increased;  also 
after  the  absorption  of  exudations  and  transudations,  and  occasionally  in  prurigo 
and  diabetes.  In  diseased  conditions  an  increase  in  the  elimination  of  chlorine 
may  be  generally  regarded  as  a  favorable  sign. 

Volumetric  Determination  of  Chloride  of  Sodium  in  XTrine. 

I.  Liehig's  Process. — This  process,  though  very  interesting  theoretically, 
cannot  be  recommended,  some  authorities  even  regarding  it  as  comparatively 
useless  (Habel  and  Fernholtz). 

A  solution  of  urea  trives  a  precipitate  with  a  solution  of  mercuric  nitrate, 
but  no  precipitate  with  mercuric  chloride.  Now  if  mercuric  nitrate  is  added 
to  a  solution  of  the  sodium  chloride,  double  decomposition  occurs  (Hg2N0jT 
2NaCl^=HgCl2-[-2NaN03)  and  mercuric  chloride  is  formed;  so  that  if  ure« 
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also  were  present  it  would  not  bo  precipitated  by  the  mercuric  nitrate  until  all 
the  sodic  chloride  had  been  decomposed.  Upon  this  fact  Liebiq*s  process  is 
based.  A  weak  solution  of  mercuric  nitrate  of  known  strength  is  added  to  the 
solution  of  sodic  chloride,  which  also  contains  some  urea,  until  a  permanent 
turbidity  is  produced,  slight  opalescence  that  disappears  on  shaking  being  dis- 
regarded.    The  urea  here  acts  as  the  indicator  of  the  termination  of  the  reaction. 

Preparation  of  the  Mercurinl  Solution. — The  solution  must  be  as  free  as 
possible  from  traces  of  other  metals,  such  as  bismuth  or  lead,  as  these  would 
produce  a  cloudiness  in  the  liquid  while  being  titrated,  and  thus  interfere  with 
the  exact  ending  of  the  reaction  being  readily  recognized.  Pure  mercury  must 
therefore  be  employed,  or,  what  will  be  better,  pure  red  mercuric  oxide.  18*42 
grams  of  this  oxide  are  placed  in  a  beaker  with  sufficient  nitric  acid  to  dissolve 
the  oxide  with  the  aid  of  a  gentle  heat,  and  when  a  clear  solution  la  obtained  it 
is  evaporated  to  a  syrupy  consistence  to  expel  excess  of  free  acid.  It  is  next 
diluted  with  water,  and  if  the  preliminary  operations  have  been  properly  carried 
out  a  yellow  precipitate  of  basic  nitrate  of  mercury  will  be  deposited,  which 
must  be  allowed  to  settle ;  the  clear  supernatant  liquid  is  poured  off,  and  a  few 
drops  of  nitric  acid  added  to  the  precipitate  to  redissolve  it.  An  excess  of  acid 
must  be  carefully  guarded  against,  as  it  would  materially  interfere  with  the 
accuracy  of  the  titration.  The  two  fluids  are  then  mixed  and  the  solution 
graduiUed.  10  c.c.  of  the  standard  sodium  chloride  are  poured  into  a  beaker, 
and  to  this  3  c.c.  of  a.  4  per  cent,  solution  of  urea  and  5  c.c  of  saturated  solu- 
tion of  sodic  sulphate  are  added.  The  mercuric  solution  is  now  allowed  to  drop 
slowly  into  this  mixture,  the  fluids  being  agitated  with  a  glass  rod,  and  the  ad- 
dition continued  until  a  permanent  precipitate  is  formed,  any  temporary  opal- 
escence being  disregarded.  If  now,  to  produce  this  result,  say  7  c.c.  of  the 
mercurial  solution  were  required,  it  is  too  strong  and  must  be  diluted  with  its 
own  volume  of  water.  Let  the  solution  thus  diluted  be  again  titrated ;  and 
suppose  14  c.c.  are  required  by  the  10  c.c.  of  the  sodic  chloride  solution  to  form 
a  permanent  precipitate,  then  to  every  140  c.c.  of  the  mercurial  solution  60  c.c. 
of  water  must  be  added,  so  as  to  obtain  a  solution  of  which  20  c.c.  shall  be 
equal  to  10  c.c.  of  the  standard  sodium  chloride  solution,  and  100  c.c.  exactly 
indicate  1  gram  NaCl,  or  1  c.c.  =  0-01  or  10  milligrams. 

Before  the  urine  can  he  titrated  the  phosphoric  acid  present  in  it,  which 
would  precipitate  the  mercuric  nitrate,  must  he  removed.  This  is  done  by  the 
addition  of  a  haryta  mixture  thus  prepared: — 

Saturated  solution  of  barium  nitrate      ...     1  volume. 
Baryta  water  (saturated) 2  volumes. 

Process. — 100  c.c.  of  the  urine  are  mixed  with  50  c.c.  of  the  baryta  mix- 
ture, well  shaken,  and  filtered.  As  the  filtrate  is  alkaline  it  must  first  be 
carefully  acidulated  with  a  few  drops  of  nitric  acid,  and  15  c.c.  (=  10  c.c.  urine) 
are  taken  and  titrated  with  the  mercuric  solution. 

If  the  urine  contains  albumen  this  must  first  be  removed  by  boiling  the 
urine  after  it  has  been  acidified  with  acetic  acid. 

II.  Mohr's  Process. — To  this  process  also  there  are  many  objections  in 
the  case  of  urine,  particularly  when  the  chloride  is  present  in  small  amount,  as 
in  the  urine  of  fevers;  but  it  serves  very  well  when  the  chlorides  are  abundant. 

If  nitrate  of  silver  is  added  to  a  solution  containing  sodic  chloride,  neutral 
chromate  of  potash,  and  an  alkaline  phosphate,  the  chlorides  will  first  be  pre- 
cipitated, then  the  chromate,  and  lastly  the  phosphate,  the  production  of  a  red 
coloration  (due  to  the  formation  of  chromate  of  silver)  indicating  the  completion 
of  the  precipitation  of  the  chloride.  This  process  of  Mohr's  has  been  applied 
by  Neubauer  to  the  volumetric  analysis  of  chlorides  in  urine,  neutral  potassic 
chromate  being  used  as  the  indicator. 
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1.  Standard  Silver  Nitrate, — Dissolve  29075  grams  fused  nitrate  of  silver 
in  1,000  c.c.  distilled  water:  1  c.c.  =  0'01  NaCl. 

2.  Saturated  Solution  of  Neutral  Potassic  Chromaie, 

Process. — 10  c.c.  urine  are  diluted  with  100  c.c.  distilled  water,  and  a  few 
drops  of  potassic  chromate  added.  The  silver  solution  is  now  allowed  to  drop 
in  slowly  until  the  appearance  of  a  trace  of  orange  indicates  the  end  of  the 
reaction. 

Only  in  cases  where  the  urine  is  not  highly  colored  can  it  be  titrated 
directly  as  above.  An  excess  of  the  silver  solution  is  required,  as  the  urine 
contains  certain  compounds  more  readily  precipitable  than  the  chromate; 
accordingly  1  c.c.  should  be  subtracted  from  the  total  number  of  c.c.  of  the 
silver  solution  used  before  making  the  calculation.  But  if  the  urine  is  hijrh 
colored,  or  at  all  decomposed,  or  contains  excess  of  uric  acid,  mucus,  or  albumen, 
one  of  the  following  processes  is  to  be  adopted  so  as  first  to  remove  thtse  organic 
compounds : — 

1.  Measure  10  c.c.  of  the  urine  into  a  platinum  capsule,  add  to  this  1  to  2 
grams  pure  nitre,  evaporate  to  dryness,  and  then  heat  the  residue  carefully  till 
the  ash  appears  white;  allow  to  cool,  dissolve  up  the  ash  in  water,  and 
filter ;  acidulate  the  filtrate  with  dilute  nitric  acid,  and  having  neutralized  with 
carbonate  of  lime,  add  2  or  3  drops  of  the  potassic  chromate  and  titrate  with 
the  silver  solution. 

2.  Boil  1 0  c.c.  of  the  urine  with  5  c.c.  of  potassic  permanganate  solution  (316 
grams  per  litre),  filter,  and  titrate  as  before.  The  precipit^ite  consists  of  organic 
matter  and  manganous  salt,  and  enough  permimganate  should  be  used  to  give  a 
slight  rose  tint  to  the  filtrate :  this  is  removed  before  titration  by  the  addition 
of  a  few  drops  of  solution  of  oxalic  acid. 

II r.  Folhard's  Method  as  Modified  hy  Salkow.ski. — This  is  the  moj:t 
accural 0  process  for  the  quantitative  estimation  of  chlorides  in  urine. 

Principle. — If  a  little  nitrate  of  silver  solution  is  acidified  with  nitric  aeitl. 
and  some  rhodium  ammonio-chloride  added,  a  white  floeculent  precipitate  is 
thrown  down  ;  while  if  an  iron  salt,  such  as  iron  ammonia  alum,  is  also  pre?tmt, 
a  red  color  will  ajipear  immediately  the  whole  of  the  silver  has  l>een  precij»itatai. 
Now.  if  the  rhodium  solution  is  of  known  strength,  the  amount  of  silver  prest'Dt 
can  be  readilv  calculated.  AccordinLrlv.  if  this  method  is  emploved  in  the  e?ti- 
mation  of  chlorides,  an  excess  of  a  titrated  silver  S(dution  is  added,  and  the 
amount  of  this  excess  determined  by  the  rhodium  solution. 

Preparation  of  Solutions.  1.  Silver  Solution. — Dissolve  in  distilled 
water  pure  fused  nitrate  of  silver  21^075  grams  and  make  up  to  a  litre.  1  ex* 
z_.  OUl  gi-am  NaCl. 

2.  Iron  Solution. — Make  a  cold  saturated  solution  of  iron  ammonia  alum- 
This  salt  should  be  free  from  chlorides ;  if  not,  inirifv  it  bv  crvstallization. 

3.  Rhodium  Solution. — The  stren»rth  of  the  solution  should  be  such  that 
25  c.e.  --- 10  c.c.  silver  solution.  3Iake  a  waterv  solution  of  c(»mmercial  rluxlium 
annnonio-chloride.  about  0*0  to  7  iri'ams  in  1,100  c.c.  water. 

Dilute  10  e.c.  of  the  silver  solution  to  lOO  c.c.  with  distilled  water,  add  4 
c.e.  pure  nitric  acid  and  5  c.c.  of  the  iron  solution.  Then  titrate  this  mixture 
with  the  rhodium  solution  till  a  laint  permanent  red  coloration  is  pnxlund. 
If.  say.  only  288  e.c.  instead  of  25  have  been  recjuii-ed  we  mu.st  dilute  accom- 
ingly^  2:}.S  :  25  --^  lOOO  :  x.  x  -  =  1050-4.  Therefore  504  c.c.  water  mu5t 
be  added  to  the  litre. 

Process. — 10  c.c.  urine  are  placed  in  a  small  glass-stoppered  flask.  graduat(^l 
so  as  to  contain  100  c.c.  up  to  a  mark  in  the  neck.  Add  50  c.c.  water  ami 
then  4  c.c.  pure  nitric  acid  (12  specific  gravity).  Now  pour  in  15  c.e.  silver 
solution  and  shake  vigorously  until  the  precipitate  settles.     Next  make  up  t" 
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the  mark  with  distilled  water  and  filter  the  contents  of  the  flask  into  a  dry  test 
glass  or  a  small  flask  which  has  a  mark  on  its  neck  indicating  80  c.c.  capacity. 
The  80  c.c.  of  filtrate  are  to  be  poured  into  a  beaker  of  about  250  c.c.  capacity, 
5  c.c.  iron  solution  added,  and  the  mixture  titrated  with  the  rhodium  solution 
until  the  first  trace  of  a  permanent  blood  red  coloration  appears. 

Let  us  suppose  that  68  c.c.  rhodium  solution  have  been  required  for  80 
c.c.  of  the  filtrate,  therefore  85  c.c.  for  100  (80  :  100  =  68  :  85).  Now  the 
15  c.c.  silver  solution  added  to  the  urine  are  equivalent  to  37*5  rhodium  solu- 
tion (10  :  15  =  25  :  37*5);  but  only  8*5  have  been  required;  therefore  37*5 
— 8*5  =  29  c.c.  correspond  to  the  silver  solution  that  has  combined  with  the 
chloride,  and  29  c.c.  are  equivalent  to  11*6  silver  solution  (25  :  10  =  29  :  11-6). 
1  c.c.  silver  solution  =  001  NaCl ;  therefore  1 1  6  =  01 1 6  NaCl.  As  only  10 
c.c.  urine  were  employed,  this  would  give  a  percentage  of  1.16  NaCl. 

The  percentage  is  readily  obtained  by  the  following  formula,  which  will 
easily  be  comprehended  from  the  preceding  calculation : — 

{37*5 — (rhodium  solution  required  in  c.c.Xi)}  Xri^y- 

IV.  C.  Arnold,  so  as  to  obviate  any  difficulty  in  noting  the  end  of  the 
reaction  by  means  of  the  red  coloration  of  the  iron,  first  treats  the  urine  with 
an  ecjual  volume  of  baryta  mixture  (see  under  I.),  and  adds  to  10  c.c.  of  the 
filtrate,  or  even  to  10  c.c.  of  the  urine  direct,  as  many  drops  of  nitric  acid  as 
are  necessary  to  give  a  strong  acid  reaction,  then  2  c.c.  of  the  iron  solution  and 
3  or  4  drops  of  permanganate  of  potash  solution  (1  :  30).  The  silver  solution 
is  next  added  in  excess,  the  whole  made  up  to  100  c.c,  thrown  on  a  dry  filter, 
and  50  c.c.  of  the  filtrate  titrated  with  the  rhodium  solution  as  in  III.  to 
determine  the  excess  of  silver. 


CHAPTER  XVI. 

THE  SULPHATES, 

SXTLPHITRIC  ACID  (HjSO^  =  98)  exists  in  the  urine  combined 
with  organic  and  inorganic  bases,  but  chiefly  in  the  form  of  sulphates 
of  potash  and  soda.  The  sulphates  are  present  in  only  very  small 
quantity  in  the  fluids  of  the  body  with  the  exception  of  the  urine.  But 
the  urine  also  contains  sulphur  in  a  state  of  incomplete  oxidation,  and 
this  in  the  urine  of  patients  suffering  from  certain  diseases  of  the  liver 
may  form  as  much  as  40  per  cent,  of  the  total  sulphur  present.  This 
sulphur,  oxidized  with  diflSculty,  is  generally  regarded  as  arising  from 
biliary  compounds  in  the  urine,  particularly  derivatives  of  taurin,  the 
amount  varying  under  different  circumstances,  being  generally  large  in 
constipation.  To  obtain  this  sulphur  it  is  not  sufficient  to  treat  the 
urine  with  zinc  and  sulphuric  acid  and  estimate  the  hydric  sulphide 
evolved ;  only  by  the  use  of  such  powerful  oxidizing  reagents  as  nitric 
acid  and  potassic  chlorate  can  the  total  amount  be  obtained  (Lepine). 

The  Origin  of  the  Sulphuric  Acid. — It  arises  chiefly  in  the  decom- 
position of  albumen  in  the  system,  as  the  sulphates  taken  in  the  food 
are  very  slight  in  amount.  It  is  difficult  to  say,  however,  how  much  is 
derived  from  tissue  albumen  and  how  much  directly  from  food  albumen. 
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When  the  albumen  of  the  food  falls  in  amount,  so  also  does  the  sul- 
phuric acid  of  the  urine :  in  high  fevers  with  much  decomposition  of 
organic  albumen  the  sulphuric  acid  is  likewise  increased  proportionally. 
The  excretion  of  this  acid  would  therefore  appear  to  maintain  a  close 
relationship  to  the  excretion  of  urea ;  but  it  must  be  remembered  that 
while  the  nitrogen  of  albumen  is  more  or  less  a  constant  quantity  (16 
to  17  per  cent.)  the  sulphur  varies  considerably  (1*25  to  1*6  percent.); 
also  a  part  of  the  sulphur  is  excreted  by  the  intestine,  while  the  whole 
of  the  nitrogen  of  the  decomposed  albumen  passes  away  by  the  urine. 
Further,  the  whole  of  the  sulphur  is  not  in  the  form  of  sulphates  in  the 
urine ;  only  85  per  cent,  may  be  reckoned  as  such. 

Amount — Adult  men  excrete  a  mean  of  2  to  2*5  grams  sulphuric 
acid,  of  which  the  potash  salt  forms  about  4*3  grams  and  the  soda  salt 
3'55  grams,  or  0*032  gram  of  sulphuric  acid  per  kilo,  in  the  24  hours; 
for  women  the  mean  is  about  1*90  gram.  The  quantity,  however,  varies 
even  in  the  same  individual  from  day  to  day,  occasionally  as  much  as 
45  per  cent,  above  or  below  the  average  mean. 

The  elimination  is  increased  when  the  minerals  of  the  food  are  aug- 
mented ;  an  increase  generally  shows  itself  some  hours  after  a  meal, 
especially  of  animal  food ;  also  after  prolonged  exercise  (Engelmanx, 
denied  by  Voit),  and  after  ingestion  of  soluble  sulphates,  sulphuric 
acid,  or  bodies  containing  sulphur,  and  also  temporarily  after  copious 
draughts  of  water.  It  is  diminished  by  vegetable  diet,  and  less  is 
excreted  during  the  night  and  during  pregnancy. 

^1  pathological  increase  occurs  after  the  ingestion  of  sulphur  com- 
binations, phenol,  thymol,  salicin,  and  licjuor  potass:^} ;  also  in  delirium 
tremens  and  in  other  deliriums  (Bexce  Joxks),  in  acute  inflammatorv 
diseases  of  the  nervous  structures,  and  in  acute  inflammations  generallj. 
as  pneumonia  and  acute  rheumatism  ;  in  some  cases  of  diabetes  insip- 
idus, and  occasionally  in  some  forms  of  skin  disease.  The  sulphates 
are  slightly  increased  in  fevers,  but  diminished  considerably  during 
convalescence  (ZUlzkr),  though  according  to  some  authorities^  tliev  are 
diminished  in  all  acute  and  many  chronic  febrile  attacks ;  indee<l.  it 
may  be  said  that  the  suli)hates  are  diminished  to  some  degree  in  acute 
and  chronic  aflfections,  probably  on  account  of  the  lessened  amount  of 
food  tlien  absorbed.  Ijikewise  diminished  in  leuki^mia,  diabetes  mel- 
litus,  eczema ;  also  in  inflammatory  aflections  with  much  exudation, 
in  chlorosis,  and  often  in  diseases  of  the  nervous  system. 

Tests.— 1.  Add  some  drops  of  hydrochloric  acid  to  the  urine,  and 
then  baric  chloride:  a  white  precipitate  of  l)aric  sulphate,  insoluMein 
acids. 

'2.  By  acidifying  the  urine  strongly  with  acetic  acid,  adding  baric 
chloride,  and  then  boiling,  the  preformed  inorganic  sulphates  are 
thrown  down;  but  the  filtrate,  when  strongly  acidified  with  hydix)- 
chloric  acid  and  boiled,  gives  a  further  precipitate  of  sulphur,  due  to 
the  organic  sulphates.  This  separation  may  be  better  effected  thus: 
Mix  equal  volumes  of  urine  and  baryta  mixture  [cold  saturated  solu- 
tion of  hydrate  of  baryta  (2)  and  nitrate  of  baryta  (1)];  filter,  and 
having  acidulated  the  filtrate  with  hydrochloric  acid,  boil,  and  the 
second  precipitate  is  thrown  down. 
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To  avoid  the  diflBculties  encountered  in  the  filtration  of  barium 
sulphate,  silver  nitrate  should  be  added  immediately  after  the  pre- 
cipitation of  the  sulphuric  acid  by  the  barium  chloride;  a  flocculent 
precipitate  is  thereby  obtained,  which  can  readily  be  filtered.  Removal 
of  the  silver  chloride  is  effected  afterwards  by  ammonia  without  any 
loss  of  the  sulphate. 

3.  Sulphuric  acid  gives  a  precipitate  with  chloride  of  lime  in 
moderately  concentrated  solutions,  the  resulting  sulphate,  however, 
being  soluble  in  a  large  volume  of  water;  also  a  white  precipitate  with 
lead  acetate^  soluble  with  diflSculty  in  water  and  dilute  acids. 

Quantitative  Estimation.  I.  Gravimetric,  (a)  Of  the  Total  Sulphuric 
Add. — Mix  100  c.c.  clear  filtered  urine  with  5  c.c.  hydrochloric  acid  (sp.  gr. 
1-12),  boil,  and  then  add  baric  chloride  to  complete  precipitation;  continue  to 
boil  for  some  time  until  the  supernatant  liquid  is  clear,  and  throw  it  upon  a 
small  filter  of  Swedish  paper  that  has  been  washed  with  dilute  hydrochloric 
acid,  collecting  all  the  precipitate  upon  the  filter  with  the  help  of  a  glass  rod 
tipped  with  gum  elastic.  A  little  of  the  filtrate  should  early  be  tested  with  a 
-drop  of  sulphuric  acid,  to  ascertain  the  presence  of  excess  of  barium  chloride. 
If  this  is  the  case  wash  the  precipitate  thoroughly  with  hot  water,  then  with 
hot  spirit,  and  afterwards  with  ether.  Now  dry  the  filter  and  its  contents,  and 
transfer  them  to  a  platinum  capsule,  where  they  are  to  be  covered,  heated  to 
redness  till  quite  white,  allowed  to  cool,  and  then  weighed.    A  slight  loss  occurs. 

(6)  Estimation  of  the  Sulphuric  Acid  Combined  with  Aromatic  Organic 
Bases. — 100  c.c.  urine  and  100  c.c.  baryta  mixture  (see  under  Urea)  .are 
mixed  in  a  dry  beaker,  well  shaken,  and  then  thrown  on  a  dry  filter.  Acidify 
100  c.c.  of  the  clear  filtrate  (=50  c.c.  urine)  strongly  with  hydrochloric  acid, 
and  boil  for  some  time  over  a  water  bath  until  the  precipitate  is  well  settled 
down.     Then  proceed  as  above. 

Co^cMZa/ibn.— 233BaSO,  ^  98H,SO,  =  8OSO3  =  32S.     If  we  reckon  as 

9S 
H,SO„  multiply  the  weight  of  BaSO,  by  -, -  =  04206 ;   if  as  SO,,  then 

80  *-{^ 

multiply  by  233  =  03433;  and  if  as  S,  by  ^^  =  01373. 

Example.— 100  c.c.  urine  gave  0*490  BaSO,,  then  the  H^SO.^  0*490  X 
0-4206  =  0*206  per  cent.,  and  the  S  =  0*490  X01373  =  0*0672  per  cent. 

II.  Volumetric,  (a)  Standard  Baric  Chloride. — Some  crystallized  baric 
chloride  is  powdered,  dried  between  folds  of  blotting-paper,  and  30*5  grams 
taken  and  dissolved  in  distilled  water,  the  solution  being  made  up  to  a  litre, 
1  c.c.  =  0*01  gram  SO3. 

(6)  A  dilute  solution  ofsodic  sulphate  is  also  prepared. 

Process. — Measure  100  c.c.  urine  into  a  beaker,  acidify  with  a  little  hydro- 
chloric acid,  and  boil  in  a  sand  bath ;  let  the  baric  chloride  solution  next  flow 
gradually  in  so  long  as  the  precipitate  distinctly  increases.  Then  lay  aside  to 
allow  the  precipitate  to  subside ;  let  a  drop  of  the  baric  chloride  now  flow 
down  the  side  of  the  beaker,  and  if  a  precipitate  occurs  continue  to  add  the 
baric  chloride  until  the  whole  of  the  sulphuric  acid  appears  to  be  thrown 
down,  and  let  it  settle  as  before.  Instead  of  waiting  until  the  precipitate 
subsides,  a  little  of  the  fluid  may  be  filtered  into  a  watch  glass  and  tested  with 
the  baric  solution,  the  whole  being  returned  again  to  the  beaker.  Thus  filtra- 
tion may  readily  be  effected  by  dipping  into  the  beaker  a  wide  open  tube,  over 
wh^se  lower  end  a  piece  of  filter  paper  has  been  tied,  and  removing  it  after  a 
short  interval.  Care  must  be  taken  that  an  excess  of  baric  chloride  is  not 
.  added.     This  is  ascertained  by  testing  a  drop  of  the  filtrate  upon  a  piece  of 
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glass  lying  over  a  dark  background  with  a  sodic  sulphs^ ;  if  a  precipitate  is 
obtained  then  too  much  baric  chloride  has  been  add^,  and  the  titration  must 
be  repeated. 

Suppose  18  c.c.  have  been  added  to  obtain  complete  precipitation,  then 
0-18  gram  SO3  is  present  in  the  100  c.c.  uriue. 


CHAPTER  XVII. 
THE  PHOSPHATES. 

The  phosphoric  acid  of  the  urine  is  in  part  (two-thirds)  in  com- 
bination wnth  alkalies,  and  in  part  (one-third)  with  the  alkaline  earths, 
lime  and  magnesia.  Of  these  there  are  the  acid  phosphate  of  soda, 
NaH2P04  +  H2O,  to  which  Liebig  ascribes  in  great  part  the  acidity  of 
the  urine;  the  alkaline  phosphate,  NagHPO^,  possibly  only  in  small 
proportion,  for  although  this  phosphate  is  generally  met  with  in  all  the 
animal  fluids  it  is  the  acid  salt  that  is  found  principally  in  the  urine. 
A  potash  phosphate  is  present  in  small  amount.  But  the  composition 
of  the  phosphates  in  the  urine  is  liable  to  considerable  variation:  in 
acid  urine  the  salts  NaHgPO^  or  Ca(H2P04)2  are  generally  present; 
when  the  urine  is  neutral,  in  addition  to  the  above  acid  salts,  we  have 
Na2HP04,  CaHPO^,  MgHPO^;  while  in  alkaline  urines  the  com- 
binations Na3P04,  Ca3(P04)2,  Mg3(P04)2  may  also  be  present. 

The  alkaline  2:>ho8phates  are  soluble  in  water,  and  are  not  precipitated 
from  their  solutions  by  ammonia  or  the  alkalies,  so  that  when  ammonia  is  added 
to  healthy  urine  tlie  alkaline  phosphates  are  not  thrown  down. 

The  earthy  phosphates  are  insoluble  in  water,  but  readily  soluble  in  such 
weak  acids  as  carbonic  and  acetic;  albuminous  bodies  and  mucus  have  likewise 
some  power  in  dissolving  these  phosphates.  They  are  precipitated  from  their 
solutions  by  ammonia. 

The  ordinary  ])hos2)hnte  0/  soda  is  soluble  in  water  and  alcohol ;  its  aqueous 
solution  has  an  alkaline  reaction  and  absorbs  carbonic  anhydride  very  readily. 
When  heated  it  melts,  loses  its  water  of  crystallization,  and  ultimately  changes 
into  the  pyrophosphate.  The  acid p^hosphat^^  on  the  other  hand,  is  changed  by 
heat  into  the  metaphosphate,and  is  easily  soluble  in  water,  but  insoluble  in  alcohol. 
Uric  acid  has  the  power  of  decomposing  the  alkaline  phosphates,  a  urate 
and  an  acid  phosphate  behig  formed. 

The  ammoniaco-magnesian  or  triple  phoi>phate  (NH^MgPO^-[-6HjO'  is 
met  with  in  the  urine  and  in  the  animal  fluids  when  these  are  undergoing 

alterations.     The  crystals  are  generally  well  marked, 
P\     r^       r^  being  most  frequently  found  as  vertical,  rhomboidal, 

y    S      111  or  triangular  prisms  with  obliquely  truncated  ends; 

j^  but  if  deposited  rapidly  from  uriue  by  the  addition 

fl       /.-^^^        /^».      ^^  ammonia^  this  phosphate  may  assume  a  stellate 

U      (>^^^      ^1     form,  the  crystals  consisting  of  four  or  five  feathery 

v^  si  j      rays.     Sometimes  a  thin  pellicle  is  formed  on  the 

^^  ^^-V       surface  of  urine,  consisting  of  organic  matter  with 

numerous  crystals  of  the  triple  phosphate. 

TRlp^rfHo'pHATE.'"  Phosphate  of  lime  is  usually  deposited  in  an 

amorphous  condition,  generally  in  minute  transparent 
granules,  but  the  deposit  after  a  time  may  assume  a  crystalline  form  and  appear 
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as  minute  spherules  or  dumb>bells,  or  as  fine  needles  grouped  in  globular  masses. 
These  crystals  can  be  formed  artificallj  by  dissolving  a  little  calcium  chloride 
in  a  drop  of  glycerin,  and  a  little  phosphate  of  soda  in  another  drop,  and  allow- 
ing the  two  drops  to  mix  slowly  under  a  cover  glass :  crystals  will  appear  in  a 
few  days.  Also  by  adding  a  little  calcium  chloride  to  normal  urine,  and  nearly 
neutralizing  it  with  caustic  soda,  crystals  of  the  calcic  phosphate  may  be 
obtained. 

The  urine  from  which  one  of  these  deposits  occurs  is  generally  alkaline. 
If  uric  acid,  urates,  and  oxalate  of  lime  an?  associatfed  with  the  triple  phos- 
phate in  a  urinary  sediment,  they  are  thus  distinguished : — 

1 .  Warm  the  urine :  the  urates  dissolve. 

2.  Add  acetic  acid :  the  phosphates  dissolve. 

3.  Add  caustic  potash :  uric  acid  dissolves. 

4.  Examine  the  deposit  microscopically  and  apply  the  murexid  test. 

5.  Dissolve  in  acetic  acid  and  test  with  uranic  nitrate  for  phosphoric  acid, 
and  with  oxalate  of  ammonia  in  excess  for  lime ;  filter  and  add  ammonia  to 
the  filtrate,  and  magnesia  is  precipitated  as  the  phosphate. 

Origin  of  Phosphoric  Acid. — This  acid  is  generally  distributed  in 
the  tissues  of  the  body ;  it  is  also  contained  in  the  food,  and  it  is  prob- 
able that  the  greater  part  of  the  phosphoric  acid  eliminated  comes  from 
the  food  ingested,  partly  as  phosphates  taken  as  such,  and  partly  from 
phosphorus  and  phosphates  previously  combined  with  the  proteids. 
About  one-third  to  one-fourth,  if  not  more,  of  these  phosphates  con- 
tained in  the  food,  how^ever,  is  excreted  by  the  intestine.  Another 
source  of  the  phosphates  is  the  decomposition  of  such  bodies  as  nuclein 
and  lecithin,  which  contain  phosphorus:  but  the  amount  formed  in 
nervous  tissue  is  comparatively  small. 

Z0LZER  estimates  the  proportion  of  phosphoric  acid  to  every  100 
parts  by  weight  of  nitrogen  in  the  tissues  as  follows :  blood  4,  muscle 
15,  brain  and  nervous  system  45,  while  in  the  urine  the  proportion 
varies  from  18  to  20. 

Amount  of  Phosphoric  Add  Excreted, — In  the  urine  from  2*5  to 
3-5  grams  are  excreted  in  the  twenty-four  hours,  though  it  may  rise  to 
5*5;  the  mean,  however,  may  be  taken  as  2*8  grams,  or  0*04  to  0*05 
gram  per  kilo,  of  body  weight,  though  it  is  given  by  Vogel  as  high 
as  8*6  grams  for  well-fed  healthy  adults,  or  0-064  gram  per  kilo.  It 
forms  about  3*22  per  cent,  of  the  urinary  solids.  Of  the  earthy 
phosphates  the  mean  is  1*1  gram,  the  calcic  salt  =  0*4  and  the  mag- 
nesic  =  0*6  gram. 

The  faeces  also  contain  a  variable  proportion  of  phosphoric  acid — 
a  mean  of  0'666  gram  in  the  twenty-four  hours,  that  is,  one-fourth  to 
one-fifth  of  the  amount  excreted  in  the  urine  (Haxtiiausen) — but  the 
elimination  by  the  faeces  is  increased  by  an  abundant  ingestion  of  car- 
bonate of  lime,  the  eflfect  only,  however,  lasting  a  couple  of  days  or  so 
(Riessell). 

Variations. — Great  diflference  of  opinion  exists  as  to  the  effects  of 
different  physiological  and  pathological  conditions  of  the  body  upon 
the  elimination  of  phosphoric  acid ;  it  is  very  probable  that  the  amount 
excreted  is  not  constant,  but  subject  to  considerable  variation. 

( j)  The  food  has  an  important  influence,  the  phosphoric  acid  in- 
creasing for  some  hours  after  a  meal,  and  diminishing  during  starvation 
25 
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or  ubstinoncc.  The  nature  of  the  food  has  also  an  important  effect, 
the  phosphoric  ueid  being  more  abundant  after  animal  than  vegetable 
food.  A  man  upon  a  mixe<l  diet  eliminated  in  the  urine  the  total 
l)hv)sphates  contained  in  the  food  iBeale). 

An  abundant  ingestion  of  calcic  carbonate  increases  the  earthy 
phv>sphates:  and  the  excretion  of  tliese  phosjdiates  may  be  said  to  nin 
more  or  less  parallel  with  the  <lecomposition  of  albumen,  an  animal 
diet  greatly  increasing  their  amount  and  abstinence  diminishing  them. 
A  mixed  diet  gives  of  earthy  phosphates  in  a  healthy  man  a  mean  of 
0-i»H  to  \'0V2  gram  (^XEi'iiAVEu),  or  1-2  gram  (Bexcke)  in  the 
twenty-four  hom*s.  The  presence  of  much  soluble  phosphates  or  of 
l»hospliorus-holding  bodies  in  the  diet  increac?es  the  elimination,  as  also 
much  consumption  of  thiids.  The  food  further  greatly  influences  the 
proportion  of  the  phosphoric  acid  to  the  nitrogen  in  the  urine  and 
feces:  with  niueh  animal  diet  the  proporti«.»n  is  1  :  8'1,  while  with 
breail  did  it  is  1  :  ;»S».  Indt'iHl.  it  is  v^ry  probable  that  the  altered 
diet  in  diseased  ciuiditious  acctumts  largely  for  much  of  the  alteration 
in  the  amount  of  i^hospl.ates  exc-retevl. 

yV]^  Aifir<'  ..r.  >•■•<>!  incivases  the  phosphates  (Hammoxk  Exgel- 
MVN\,  TwY.  M.»<i.Ku\  though  this  is  denied  ^^Pettexkofer.  Voit, 
U\Asso^^. 

liii^  {\:\!'r.i-  yt'.-tt"i'r-7  increases  ir,  but  there  is  much  difference  of 
opinion  :is  to  this.  While  M  'SLKK,  1>yas<ox,  etc.,  maintain  that  the 
eliminaii.^u  of  the  aci«i  in  the  urine  is  increase'!  bv  brain  work,  II0DGE.S 
\V«'»^'.'  a>si'rts  tliat  the  T'^ral  ;^hi^>i»h.^r:v-  acii  remains  o.mstant,  althou!zh 
the  alkaline  ph.^si^i'.aie  iti creases  ani  :i.e  earthy  phosphate  diminishes. 
•x  7V  '  /' ■  .  —  I".  ::.o  s;r.  e  ::.  •.  vi lual  the  amount  excrete*.! 
0  \ '  i .  ■  :  >  0  ^  1 1  ^ .  ;  ^'  r.i  V  .0  \  i  r . .  ■ :  ^ : .  ■ ; . :  •  ::  ^  :  •:•  1  ay ,  1 1  i  n  crease-^  a  ft  er 
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this  salt  will  be  precipitated  first;  the  same  also  occurs  with  a  chro- 
mate,  so  that  if  silver  nitrate  is  added  to  a  solution  containing  sodic 
chloride,  potassic  chromate,  and  a  phosphate,  the  chloride  is  pre- 
cipitated first,  then  the  chromate,  and  lastly  the  phosphate. 

4.  Molybdate  of  ammonia  dissolved  in  nitric  acid  gives  with  a 
phosphate  a  yellow,  finely  pulverulent  precipitate,  whose  formation  is 
favored  by  a  gentle  heat. 

5.  Acidify  the  urine  with  a  few  drops  of  acetic  acid,  and  add/emc 
chloride :  a  thick  yellowish  white  precipitate  of  ferric  phosphate,  which 
is  easily  soluble  in  the  mineral  acids,  in  the  perchloride  in  excess,  or  in 
ammonia.'  If  any  free  acid  is  present  in  the  urine  add  acetate  of  soda 
and  free  acetic  acid  before  adding  the  ferric  chloride. 

6.  Acidify  as  before  and  add  some  \iranic  nitrate^  preferably  to 
boiling  urine;  a  dirty  white  precipitate  of  uranic  phosphate  is  formed, 
that  is  easily  soluble  in  the  mineral  acids. 

7.  The  earthy  phosphates  in  urine  are  precipitated  by  the  addition 
of  ammonia,  stellate  crystals  being  formed;  filter  and  test  the  filtrate 
with  ferric  chloride  after  having  acidified  with  acetic  acid:  a  whitish 

?ellow  precipitate  appears,  indicating  the  presence  of  sodic  phosphate. 
n  the  ammoniacal  precipitate  phosphate  of  lime  and  the  triple  phos- 
phate are  present.  To  separate  the  lime  from  the  magnesia  dissolve 
the  precipitate  in  acetic  acid,  and  add  ammonium  chloride  and  ammo- 
nium oxalate,  when  the  lime  will  be  thrown  down ;  while  the  magnesia 
is  separated  from  the  filtrate  in  the  form  of  triple  phosphate  by  adding 
to  it  ammonia. 

To  separate  all  the  phosphates  contained  in  urine  add  to  the  latter 
a  solution  containing  sulphate  of  magnesia  (1),  distilled  water  (8), 
ammonium  chloride  (1),  and  ammonia  (44).  They  are  deposited  as 
the  triple  phosphate. 

Quantitative  Estimation.  I.  Volumetrically  by  means  of  a  Standard 
Uranic  Solution, — If  to  a  solution  of  sodic  phosphate  (Na^HPO^)  acidified 
with  acetic  acid  a  solution  of  nitrate  or  acetate  of  uranium  is  added,  we  obtain 
a  yellowish  white  precipitate,  the  whole  of  the  phosphoric  acid  being  thrown 
down  afi  uranic  phosphate : 

4(UrO.N03)+2Na,HPO,  =  2(Ur.03)P,05+4NaN03+H.p. 

This  precipitate  has  a  molecular  weight  of  .368[Ur  =.  120,  H  =  1,  2(UrOj  = 
272,  PO,  =  95],  corresponding  to  71  P.Oj.  or  98  H3PO,. 

Any  excess  of  uranic  salt  is  easily  detected  by  testing  a  drop  of  the  mix- 
ture with  a  drop  of  potassic  ferrocyanide  on  a  white  porcelain  plate,  which  gives 
a  reddish  brown  precipitate  with  any  uranic  salt  not  combined  with  phosphoric 
add.     This  body  is  therefore  used  as  the  indicator  of  the  terminal  reaction. 

To  effect  the  analysis  a  solution  of  known  strength  of  the  uranic  salt  is 
made,  which  for  accuracy  is  titrated  with  a  standard  solution  of  sodic  phos- 
phate; and  to  insure  the  firee  acid  of  the  urine  being  acetic,  in  which  the 
precipitate  is  insoluble,  this  fluid  is  first  treated  with  a  solution  of  acetate  of 
soda  containing  free  acetic  acid.  But  in  presence  of  sodic  acetate  it  should  be 
noted  that  the  reaction  of  the  ferrocyanide  with  excess  of  uranic  salt  is  not  so 
sharp  as  with  the  pure  salt,  the  production  of  the  chocolate  color  also  being 
retarded. 

Preparation  of  the  Solutions. — (a)  The  ferrocyanide  solution  consists  of  1 
of  the  salt  in  20  of  water  freshly  dissolved. 
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(b)  The  Acetate  of  Soda  Solution, — Dissolve  crystallized  sodic  acetate 
100  grams  in  water,  add  strong  acetic  acid  100  c.c,  and  make  up  to  1,000 
c.c.  with  water. 

(c)  The  Sodic  FJiosphate  Solution. — Roughly  powder  some  pure  crystals 
of  the  phosphate  (Na2HPO^+12H20),  and  dry  them  between  sheets  of  filter 
paper.  Now  weigh  10*085  grams  and  dissolve  in  1  litre  water.  This  solu- 
tion will  contain  0-2  P.,0,  in  100  c.c. 

{d)  The  Uranic  Solution. — This  is  best  prepared  so  that  20  c.c.  corres- 
pond to  50  c.c.  of  the  sodic  phosphate  solution,  and  therefore  to  0*1  gram 
PgOo     Accordingly  the  litre  should  contain  20*3  grams  pure  uranic  oxide. 

dissolve  33  grams  yellow  uranic  oxide  in  nitric  acid  (sp.  gr.  1*2),  or  in 
dilute  acetic  acid,  and  dilute  up  to  1,100  c.c.  (An  approximative  solution  may 
also  be  obtained  by  dissolving  40  grams  of  the  uranic  acetate  or  nitrate  in  a 
litre  of  water  to  which  25  c.c.  pure  glacial  acetic  acid  have  been  added.) 

Fill  a  burette  with  this  solution ;  measure  50  c.c.  of  the  standard  phosphate 
into  a  small  beaker,  and  add  to  it  5  c.c.  sodic  acetate  solution;  some  drops  of 
the  ferrocyanide  are  next  to  be  placed  upon  a  white  porcelain  plate. 

Now  boil  the  phosphate  solution  in  the  small  beaker,  and  allow  about  18  c.c. 
uranic  solution  to  flow  into  it;  boil  again,  and  having  stirred  well,  bring  a  drop 
of  the  mixture  in  contact  with  one  of  the  drops  of  ferrocyanide  (or  bring  a  drop 
of  the  ferrocyanide  into  the  centre  of  a  drop  of  the  mixture  placed  on  the  por- 
celain plate) :  if  a  faint  brown  color  appears  in  a  few  seconds  then  an  excess  of 
the  uranic  salt  has  been  added,  but  if  no  brown  color  shows  itself  then  more  of 
the  uranic  solution  is  to  be  dropped  in ;  this  addition  must  be  made  very  grad- 
ually, and  the  mixture  tested  with  the  ferrocyanide  after  each  addition.  As 
soon  as  ever  the  reddish  brown  color  appears  boil  the  whole  mixture  again  with 
frequent  stirring,  and  repeat  the  ferrocyanide  test.  A  second,  and  even  a  third, 
experiment  should  be  made  with  the  first  as  a  guide,  and  great  care  taken  with 
the  final  addition  of  the  uranic  solution,  so  as  to  have  the  least  possible  excess. 

Suppose  instead  of  20  c.c.  only  ll)-2  c.c.  were  required,  then  the  solution 

20 
must  be  diluted  in  this  proportion :        ---  1  041 06  litre,  or  to  1,000  c.c.  of  the 

1.   «7      a.. 

uranic  solution  41-()()  water  added.  It  is  better,  however,  to  add  less  water 
than  this  at  first,  and  to  titrate  atrain.  20  c.c.  of  the  solution  thus  prepared 
^()1  P.Oj. 

Titration  of  the  Urine.  ( A  Molir's  burette,  a  piece  of  white  porcelain, 
and  twu  pipettes,  one  for  delivering  50  c.c.  and  the  other  5  c.c,  are  required.) 
{])  To  Obtain  the  Tot<d  Phosphoric  Acid. — Heat  to  boiling  50  c.c.  of  the 
filterod  urine  to  which  5  c.c.  of  the  sodic  acetate  solution  have  been  added; 
then  titrate  with  the  uranic  solution  as  above,  boiling  and  stirring  well  after 
each  addition  and  tostinj::  a  drop  from  time  to  time  with  the  ferrocyanide;  con- 
tinue to  add  the  uranic  solution  so  long  as  a  precipitate  is  seen  to  occur,  and 
till  the  Ijrownish  yellow  color  is  obtained  as  above  with  the  ferrocyanide.  Two 
determinations  must  be  made. 

If  22\)  c.c.  uranic  solution  were  required  for  the  appearance  of  the  terminal 
reaction,  then  (20 :22*r) :  <)1  :01125)  50  c.c.  urine  contain  0-1 125  gram 
P.O.,  or  225  urams  in  the  litre. 

it  may  be  interesting  and  advantageous  to  know  the  amount  of  the  pho:»- 
phoric  acid  combined  with  lime  and  magnesia;  this  is  done  as  follows: — 

fij  )  To  Estimate  the  Phosjdwric  Acid  Combined  unth  the  Alkaline  Earth. 
— Take  200  c.c.  filtered  urine,  render  it  freely  alkaline  with  ammonia,  and  laj 
aside  for  12  hours.  Collect  the  precipitated  earthy  phosphates  on  a  filter, 
where  they  are  to  be  washed  with  ammoniacal  water  (1  to  3);  and  after  hav- 
ing made  a  hole  in  the  filter  wash  the  precipitate  through  with  water  containing 


\ 
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a  few  drops  of  acetic  acid  into  a  small  beaker,  in  which  they  are  to  be  dissolved 
in  as  little  acetic  acid  as  possible  with  the  aid  of  heat.  Now  add  5  c.c.  of  the 
sodic  acetate  solution,  bring  the  volume  up  to  50  c.c,  and  titrate  as  before. 

If,  for  example,  10*5  c.c.  of  uranic  solution  have  been  required,  then,  as  10 
c.c.  of  this  solution  =  005  P^Oj,  105  c.c.=  00525  gram  Pfi^  in  every  200 
c.c.  of  the  urine,  or  0*2625  P^Oj  in  the  litre. 

(iij)  To  Obtain  the  Phogphmc  Acid  Combined  toith  the  Alkalies, — Sub- 
tract the  phosphoric  acid  of  the  earthy  phosphates  from  the  total  phosphoric 
acid  obtained,  and  the  difference  will  be  equal  to  the  acid  combined  with  alkalies. 

Thus— 

Toted  phosphoric  acid 2*25 

Phosphoric  acid  combined  with  the  alkaline  earths .    0*2625 


((  ((  (( 


alkalies    .    .    .    1*9875 


II.  Quantitatively  by  Precipitation  with  Molybdate  of  Ammonia, — 
Teissier  has  employed  a  solution  of  molybdate  of  ammonia,  made  by  dissolving 
100  grams  in  100  c.c.  ammonia  and  adding  the  solution  slowly  to  1,000  c.c. 
nitric  acid. 

5  c.c  urine  are  evaporated  and  the  residue  dissolved  in  5  c.c.  pure  nitric 
acid ;  to  this  5  c.c.  water  are  added  and  the  solution  filtered.  Pour  this  into 
5  C.C.  of  the  molybdate  solution  contained  in  a  capsule.  The  precipitate  having 
been  allowed  to  settle,  is  collected,  washed,  dried,  and  weighed.  The  weight 
X  1*63  gives  the  phosphorus  in  1  litre,  or  X  3*735  gives  the  phosphoric  acid. 

The  process  is  difficult  but  exact. 

III.  Teissier  has  also  proposed  the  following  method  for  the  approxima- 
tive determination  of  the  phosphoric  acid  by  the  volume  of  tlie  triple  phosphate 
precipitate  obtained.     It  gives  very  fair  results  and  is  easy  of  application : — 

If  the  urine  is  not  acid  add  a  few  drops  of  nitric  acid,  in  order  to  dissolve 
up  any  precipitated  phosphates.  Into  a  graduated  cylinder  pour  50  c.c.  of  the 
urine,  and  saturate  it  with  a  solution  containing  sulphate  of  magnesia  (1),  am- 
monium chloride  (1),  ammonia  (1),  and  distilled  water  (4).  Shake  well  and 
lay  aside  for  24  hours.  All  the  phosphoric  acid  is  precipitated  as  triple  phos- 
phate. The  precipitate  settles,  and  its  height  is  to  be  read  off  in  the  graduated 
cylinder.  1  c.c.  of  the  precipitate  corresponds  pretty  closely  to  0*30  gram 
phosphoric  acid  per  litre,  representing  about  0*60  to  0*70  gram  of  phosphate. 
Knowing  the  quantity  of  urine  passed  in  the  24  hours,  we  can  thus  readily  ob- 
tain the  daily  total  excretion  of  phosphoric  acid. 

IV.  Estimation  of  Lime  and  Magnesia  Phosphates. — Precipitate  100  c.c. 
urine  with  ammonia,  dissolve  the  precipitate  in  acetic  acid,  and  add  sufficient 
oxalate  of  ammonia  to  throw  down  all  the  lime ;  let  the  precipitate  settle,  then 
decant  and  collect  it  on  a  filter,  where  it  is  to  be  washed  with  hot  water.  The 
filtrate  and  washings  are  to  be  laid  aside  and  subsequently  tested  for  magnesia. 
The  precipitate  is  to  be  well  washed  with  water,  acidified  with  sulphuric  acid, 
diluted  freely,  and  titrated  with  a  decinormal  solution  of  potassic  permanganate 
(3*16  grams  to  the  litre),  the  latter  being  added  from  a  burette  until  it  ceases 
to  lose  its  color.     Each  c.c.  of  the  permanganate  represents  0  0028  gram  CaO. 

To  the  filtrate  and  washings  ammonia  is  added,  and  then  sodic  phosphate; 
lay  aside  for  10  hours  or  so  in  a  moderately  warm  place;  the  precipitated  am- 
monio-magnesian  phosphate  is  collected  on  a  small  filter,  washed  in  araraoniaeal 
water,  then  dissolved  in  acetic  acid,  and  titrated  with  uranic  solution  as  in  I. 
Each  c.c.  of  this  solution  represents  00028  gram  magnesia. 

Pathological  Alterations.  —  The  phosphates  excreted  arc  diminished 
slightly  in  acute  diseases,  the  result  most  probably  of  deficiency  in  the  diet;  but 
in  most  fevers,  nevertheless,  tliere  is  an  increased  proportion  of  phosphates.  As 
a  general  rule  the  alkaline  phosphates  increase  and  diminish  at  the  same  t\m^ 
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as  the  sulphates,  and  accordingly  seem  to  have  their  origin  in  the  retrograde 
metamorphosis  of  the  proteids.  The  diminution  in  the  alkaline  phosphates 
coincides  with  the  acute  periods  of  febrile  affections;  while  they  reappear  more 
abundantly  when  the  disease  returns  to  its  natural  course  and  tends  toward  a 
cure.  In  pneumonia,  for  example,  when  the  fever  diminishes  the  alkaline 
phosphates  increase,  and  thus  indicate  the  beginning  of  convalescence. 

An  increase  in  the  total  phosplMtes  is  observed  in  acute  inflammatory 
diseases  of  the  nerve  structures,  temporarily  in  acute  febrile  diseases,  though 
diminished  in  the  course  of  the  disease  (Vogel,  Teissier),  occasionally  in 
paroxysms  of  acute  mania,  and  in  brain  tumors ;  increased  also  in  the  acme  of 
chorea,  in  acute  atrophy  of  the  liver  (Bouchard),  in  diabetes  (Lecorch^), 
in  the  early  stages  of  phthisis,  and  in  chronic  rheumatism,  leukaemia,  and 
osteomalacia. 

A  decrease  may  be  noticed  in  the  stage  of  exhaustion  in  mania,  in  acute 
dementia  (Sutherland  and  Beale),  and  generally  also  in  chronic  affections 
of  the  brain  (Mendel).  During  paroxysms  of  acute  mania,  and  also  in  epi- 
lepsy general  paralysis,  melancholia,  and  dementia,  the  quantity  of  the  urine, 
and  the  amount  of  the  sodic  chloride,  urea,  and  phosphoric  and  sulphuric  acids 
have  been  noticed  to  be  less  during  convalescence  ( Adamson)  ;  while  in  chronic 
melancholia  the  chlorides,  urea,  and  phosphoric  and  sulphuric  acids  are  much 
reduced.  A  diminution  in  the  discharge  of  phosphates  is  also  often  to  be  seen 
in  certain  forms  of  Bright's  disease  and  cardiac  affections;  in  diseases  of  the 
digestive  organs  hindering  absorption  (Brattler);  in  chlorosis  and  during 
the  pyrexia  of  intermittent  fever ;  and  in  rickets,  gout,  arthritis,  and  chronic 
rheumatism. 

So  far  as  dru^s  are  concerned  its  amount  is  increased  by  lactic  add  and  car- 
bonate of  soda,  but  diminished  by  morphia,  chloral,  chloroform  (though 
occasionally  increased  by  this  body),  ether,  and  alcohol. 

The  earthy  phosphates  do  not  appear  to  be  much  affected  by  different 
diseases,  althouirh  they  are  often  increased  in  the  urine  of  rheumatic  patients ; 
but  if  pericarditis  sets  in  then  the  phosphates  are  immediately  diminished 
(Heller),  but  reappear  in  excess  when  this  complication  tends  to  disappear; 
also  increased  in  osteomalacia,  rickets,  periostitis,  and  acute  cerebral  inflamma- 
tions. 

As  a  general  rule  they  are  diminished  in  typhus,  chronic  renal  affections, 
organic  diseases  of  the  heart,  in  certain  neuroses  and  spinal  affections,  and  in 
some  disturbed  conditions  of  the  alimentary  canal. 

Urimn'i/  sediments  of  the  earthy  phosphates,  particularly  of  lime,  are  ob- 
served in  rickets,  (isteomalacia,  osseous  caries,  meningitis,  and  many  other 
nouroscs;  at  the  same  time  there  is  ijenoniJlv  also  a  diminution  in  the  acidity. 
These  deposits  are  frequent  in  cases  of  dyspej)sia  and  over-work,  but  they  are 
not  necessarily  indicative  of  inereased  nerve  waste. 

In  ehronic  affections  of  the  bladder  the  result  of  calculi,  paraplegia,  etc., 
deposits  of  crystals  of  the  triple  phosphate  are  frecjuent,  the  ammonia  actinj:  on 
the  niaunesic  phosphate  frequent  in  the  urine,  and  the  triple  phosphate  sop)a- 
ratinir  on  account  of  its  ^insolubility  in  an  alkaline  li(|uid. 

The  earthy  phosphates  are  held  in  solution  in  normal  urine,  owing  to  it.^ 
normal  acidity  and  to  it.'^  ehlorides  and  carbonic  acid.  They  are  j)recipitate<l 
when  the  carbonic  acid  eseap(»s  on  boiling,  or  (m  exposure  to  the  air,  or 
when  an  ammoniaeal  fermentati(ni  is  set  up  and  aminonic  carbonate  formed. 

A  (lep(>sit  does  not  necessarily  indicate  an  excess.  The  deposit  that  often 
occurs  when  urine  is  heated  may  be  due  to  earthy  phosphates  and  not  to  albu- 
men. The  sediment  that  so  fre((uently  forms  in  an  alkaline  urine  and  in  certAin 
chronic  diseases  generally  contains  ()7  per  cent,  magnesia  and  33  per  cent,  calcic 
] )h ( )sj  )hate  (  N  E  t "  B a  r  kr  ) . 
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Teissier  has  described,  under  the  name  of  phosphatic  diabetes^  a  morbid 
condition  in  which  there  is  polyuria  accompanied  by  increased  elimination  of 
phosphates — as  much  even  as  12  to  20  grams  in  the  24  hours. 


CHAPTER  XVIII. 

THE  SALTS  OF  THE  ALKALIES, 

To  detect  the  soda  and  potash  in  the  dry  residue  of  urine  the 
ordinary  method  can  be  adopted  of  placing  a  little  of  this  on  a  pla- 
tinum wire  in  a  Bunsen's  flame ;  the  soda  imparts  a  brilliant  yellow 
color,  and  if  the  flame  is  examined  through  a  piece  of  cobalt  glass  it 
will  be  seen  to  be  violet-tinted. 

To  estimate  the  soda  and  potash  mix  50  c.c.  urin6  with  an  equal 
volume  of  baryta  mixture,  and  after  it  has  stood  some  time  filter. 
Evaporate  80  c.c.  of  the  filtrate  ( =  40  c.c.  urine)  to  dryness  in  a 
platinum  or  porcelain  dish,  ignite,  dissolve  the  cold  residue  in  a  little 
hot  water,  add  ammonic  carbonate  to  complete  precipitation,  filter,  and 
wash  the  precipitate;  the  filtrate  acidified  with  hydrochloric  acid  is 
then  evaporated  to  dryness,  and  the  residue  gently  heated  to  expel 
ammoniacal  salts.  This  last  residue  is  then  treated  with  a  few  drops 
of  ammonia  and  ammonium  carbonate,  its  solution  filtered,  the  filter 
washed,  and  the  filtrate  and  washings  evaporated  to  dryness  in  a  pla- 
tinum capsule  of  known  weight;  the  whole  to  be  again  weighed  after 
having  been  ignited  and  allowed  to  cool.  This  gives  the  total  sodic 
and  potassic  chlorides. 

The  quantity  of  combined  ammonia  excreted  in  the  24  hours  aver- 
ages 0*724  gram.  It  is  increased  by  the  use  of  asparagus,  and  patho- 
logically we  meet  with  an  increase  in  gout  and  diabetes ;  a  considerable 
diminution  in  acute  rheumatism,  albuminuria,  and  phthisis ;  and  a  still 
greater  diminution  in  erysipelas,  small-pox,  and  typhus. 

Estimation  of  Ammonia, — 1.  To  a  measured  quantity  of  urine 
add  some  milk  of  lime  and  place  under  an  air-tight  bell  jar  in  w^hich 
there  is  also  present  a  measured  amount  of  acid  of  known  strength. 
After  24  to  36  hours  the  acid  is  to  be  titrated  with  the  standard  alkali 
(see  under  Acidity  of  Urine)  to  ascertain  the  loss  of  acidity  corre- 
sponding to  the  ammonia  absorbed  (SchlOsing). 

2.  The  following  method  is  applicable  where  the  urine  has  not 
undergone  decomposition:  Exactly  neutralize  100  c.c.  urine  with  nor- 
mal alkali  until  a  piece  of  violet  litmus  paper  streaked  with  a  fine  glass 
rod  that  has  been  immersed  in  the  fluid  shows  no  change  of  color. 
Then  transfer  the  whole  to  a  large  flask,  and  after  the  addition  of  10  c.c. 
normal  alkali  boil  until  no  more  ammonia  can  be  detected  in  the 
escaping  vapors.  When  the  flask  has  slightly  cooled  its  contents  are 
transferred  to  a  tall  beaker,  and  there  titrated  with  normal  nitric  acid 
until  violet-colored  litmus  is  not  stained  when  streaked  as  above  with 
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a  little  of  the  solution.  The  number  of  c.c.  of  normal  acid  are  de- 
ducted from  the  10  c.c.of  alkali,  and  the  rest  estimated  as  ammonia. 
1   c.c.  normal  alkali  =  0*017  gram  ammonia. 

The  normal  nitric  acid  (63  grams  nitric  acid  per  litre)  is  prepared 
of  such  a  strength  that  20  c.c.  of  it  are  neutralized  by  1  gram  of  pure 
Iceland  spar  in  small  pieces,  or  of  pure  sodic  carbonate  that  has  been 
ignited. 


CHAPTER  XIX. 

ABNORMAL  CONSTITUENTS. 


These  may  be  different  forms  of  albumen,  blood,  grape  sugar, 
biliary  acids  and  pigments,  mucin,  leucin,  tyrosin,  cystin,  cholesterin, 
and  fat;  these  bodies  will  be  referred  to  in  detail.  In  addition  several 
other  bodies  may  be  met  with,  such  as  milk  sugar,  inosit,  dextrin,  pep- 
tone, melanin,  allantoin,  lecithin,  acetone,  alcohol,  hydric  sulphide,  etc. 

ALBininiroxTS  uEnrE. 

No  other  pathological  constituent  possesses  the  same  interest  for  the 
physician  as  albumen ;  but  even  in  healthy  urine  small  quantities  of 
albumen  may  be  present.  Leube  believes  that  it  may  be  detected  in 
4  per  cent,  of  normal  urines  in  a  proportion  not  exceeding  0*1  per  cent. 
In  some  of  these,  however,  it  may  only  ai)pear  after  severe  bodily  ex- 
ertion. 

Serum  albumen  and  serum  globulin  are  the  forms  most  fre<iuently 
present,  particularly  the  serum  albumen;  the  serum  globulin  shows 
itself  most  frequently  in  acute  inflammatory  affections  of  the  kidney 
and  in  amyloid  disease  of  the  same  organ,  and  often  also  in  catarrh  of 
the  bladder,  but  very  little  is  present  in  most  chronic  inflammations  of 
of  the  kidney  (Senator).  In  albuminous  urine  we  may  also  meet, 
and  indeed  according  to  Senator,  nearly  always,  with  albuminoid 
bodies  such  as  peptone  and  the  like;  but  according  to  (tERHAudt  this 
only  occurs  in  causes  of  profound  tissue  alteration  of  the  organism, 
as  occasionally  in  diphtheria,  typhus  fever,  and  phosphorus  poisoning. 
Peptones  have  also  been  met  with  in  the  urine  in  cases  of  acute  ne- 
phritis (Pktri,  Eiciiwald),  as  also  in  acute  yellow  atrophy,  and  phos- 
phorus poisoning. 

Under  a  certain  degree  of  pressure  albumen  will  pass  through  an 
animal  membrane.  Thus,  in  experiments  of  Gott^valt's  when  al- 
buminous fluids  were  allowed  to  rest  upon  or  to  flow  under  different 
pressures  over  the  membrane,  the  filtrate  w;is  found  to  increase  with 
the  pressure,  but  in  no  definite  ratio:  the  amount  of  albumen  in  the 
filtrate  was  always  less  tlian  in  the  original  fluid:  e.g.  egg  albumen  so- 
lution gave  7*2  per  cent.;  fluid  from  an  ovarian  cyst,  TO  per  cent.: 
blood  serum,  60  per  cent.:  hydrocele  fluid,  40  per  cent.  The  percent- 
age of  globulin  was  still  less,  serum  albumen  and  serum  globulin  pass- 
ing through  the  membrane  in  the  ratio  of  3  to  2. 
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Characters. — Albuminous  urine  is  pale  or  greenish  yellow  in  color, 
of  a  low  specific  gravity  (1006  to  1014),  and  not  generally  clear  soon 
after  being  passed ;  usually  also  after  standing  a  short  time  it  deposits 
more  or  less  sediment,  which  may  consist  of  casts,  clots,  epithelial  or 
pus  cells;  a  froth  forms  readily  on  shaking. 

Amount. — In  moderate  cases  6  to  8  or  4  to  10  grams  of  albumen 
in  the  twenty-fours  is  the  average;  in  severe  cases,  10  to  12  grams,  or 
even  as  high  as  30  grams.  The  average  amount  present  in  acute  cases 
of  albuminuria  is  -j^  to  ^  per  cent.,  seldom  over  1  per  cent.,  though  it 
may  rise  to  4  per  cent. 

A  loss  of  2  grams  in  the  twenty-four  hours  has  little  influence  on 
the  blood  and  nutrition,  while  a  loss  of  6  to  8  grams  may  be  regarded 
as  moderate,  but  as  considerable  when  it  exceeds  10  to  12  grams 
(Vogel).  a  constant  daily  loss  of  albumen  must  ultimately  reduce 
the  proportion  of  albumen  in  the  blood,  and  produce  a  condition  of 
hydraemia  favorable  to  the  occurrence  of  dropsies;  but  so  long  as  the 
digestion  and  appetite  keep  good  the  constitution  of  the  blood  remains 
long  comparatively  unimpaired. 

Tests. — The  student  should  carefully  perform  for  himself  the  ex- 
periments detailed  in  pp.  103,  104,  and  note  the  readiness  with  which 
albumen  is  changed  into  an  albuminate  when  only  a  small  amount  of 
albumen  is  present  and  a  very  slight  excess  of  acid  or  alkali.  In  test- 
ing for  albumen  in  urine  he  should  therefore  guard  against  this  source 
of  error  by  never  adding  less  than  -^  the  volume  of  the  urine  of  nitric 
acid.  Further,  the  urine  should  be  perfectly  clear:  this  can  generally 
be  effected  by  filtration,  but  occasionally  this  is  not  sufficient;  some 
calcined  magnesia  should  then  be  added  and  the  whole  well  shaken ;  or 
a  few  drops  of  a  solution  of  sulphate  of  magnesia  and  then  of  sodic 
carbonate,  and  the  mixture  shaken  as  before.  The  filtrate  will  now 
pass  through  clear. 

1.  The  Test  by  Boiling, — Normal  urine  of  acid  reaction  generally 
remains  clear  on  boiling,  or  if  a  flocculent  precipitate  occurs  it  is  due 
to  earthy  phosphates — a  separation  more  likely  to  occur  with  a  neutral 
or  alkaline  urine.  Always,  therefore,  before  applying  this  test,  ascer- 
tain the  reaction  of  the  urine,  and  if  it  is  alkaline,  first  acidify  with  a 
little  acetic  or  nitric  acid;  and  to  avoid  a  solution  occurring  of  the 
albumen,  which  would  be  possible  if  only  a  trace  were  present^  it  is 
best  to  proceed  thus:  Acidify  with  very  little  acetic  acid,  then  add 
-J-  the  volume  of  the  urine  of  concentrated  solution  of  sodic  chloride, 
magnesic  sulphate,  or  sodic  sulphate;  on  boiling  any  albumen  present 
will  be  precipitated.  The  separation  of  the  albumen  generally  occurs 
about  50®  to  60*^,  in  acid  urines  containing  sodic  chloride  generally 
from  70®  to  72°,  the  coagulation  first  showing  itself  at  the  surface; 
but  when  only  a  trace  of  albumen  is  present  separation  may  not  occur 
till  boiling  point  is  reached. 

It  should  be  remembered  that  when  a  large  amount  of  mucin  is 
present  in  urine  the  addition  of  acetic  acid  may  cause  a  precipitation 
of  this  body,  and  thus  lead  to  the  presence  of  a  trace  of  albumen  being 
suspected.    Accordingly,  if  much  mucin  is  present,  filter  before  ]>oiling. 

The  test  may  be  conveniently  applied  in  this  way :  Fill  a  long  test 
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tube  f  full  with  urine,  then  holding  the  tube  by  its  lower  end  heat  the 
upper  third  or  so  of  the  urine.  Even  a  slight  opalescence  is  thus 
rendered  perceptible.     A  few  drops  of  nitric  acid  are  then  added. 

When  the  urine  is  turbid,  but  clears  up  as  the  temperature  rises, 
an  excess  of  urates  is  present.  In  some  cases  of  osteomalacia  a  pro- 
teid  body  is  present  in  urine,  which  is  precipitated  by  boiling,  but  dis- 
appears on  the  addition  of  nitric  acid,  reappearing  again,  however,  as 
a  yellowish  jelly  when  the  liquid  cools. 

2.  The  Nitric  Add  Test, — Treat  a  little  of  the  urine  with  one- 
third  its  volume  of  pure  nitric  acid  (sp.  gr.  1-2):  if  the  urine  remains 
clear  there  is  no  albumen,  or  only  a  trace.  Heating  is  unnecessary,  but 
it  is  generally  advisable  first  to  boil  the  urine  and  then  to  add  nitric  acid 
in  excess,  when  any  precipitate  due  to  earthy  phosphates  will  disappear. 
Occasionally  prolonged  boiling  after  the  addition  of  the  acid  gives  rise 
to  a  slight  muddiness  even  in  urine  free  from  albumen,  but  to  what  this 
is  due  it  is  diflScult  to  say. 

A  separation  of  urates  may  also  occur,  which  is  liable  to  be  mis- 
taken for  albumen ;  but  the  urates  disappear,  while  the  albumen  re- 
mains when  the  urine  is  heated.  Excess  of  uric  acid  may  also  cause  a 
precipitate,  but  it  does  not  generally  form  immediately,  and  the  crys- 
talline character  of  the  deposit  is  characteristic.  This  excess  of  uric 
acid  has  been  met  with  in  typhoid  fever  and  certain  liver  affections. 
If  only  traces  of  albumen  are  present,  prolonged  boiling  after  the  acid 
has  been  added  may  dissolve  the  albumen,  forming  an  acid  albuminate 
that  is  not  precipitated  by  heat.  The  use  of  certain  resins,  essences, 
turpentine,  copaiba,  cubebs,  etc.,  may  cause  an  opalescence  when  the 
acid  is  added,  but  alcohol  causes  this  to  disappear,  and  it  also  dis- 
appears when  the  urine  is  heated;  there  is  in  addition  a  characteristic 
smell  evolved. 

This  test  may  be  applied  with  great  delicacy  by  Heller's  method: 
Pour  into  a  wide  test  glass  some  pure  nitric  acid  until  it  forms  a  layer 
about  half  an  inch  deep ;  then  by  means  of  a  pipette  allow  the  urine, 
which  should  be  clear,  to  How  slowly  over  the  surface  of  the  acid.  If 
albumen  is  present  a  ring  of  opalescence^  sharply  limited  above  and 
beloiv,  appears  at  the  line  of  contact  of  the  two  liquids.  The  acid 
may  also  be  allowed  to  trickle  slowly  down  the  side  of  the  incline<l  test 
glass  contaiiiinf^  the  urine,  so  as  to  accumulate  below  that  fluid.  A 
little  time  should  always  be  allowed  to  elapse  before  pronouncing  upon 
the  absence  of  the  hazy  cloud  indicative  of  albumen ;  and  this  caution 
is  particularly  necessary  when  only  a  trace  of  albumen  is  present.  The 
opalescence  is  best  seen  by  standing  before  a  window  and  holding  the 
tube  on  a  level  with  the  eye  in  front,  say,  of  the  sleeve  of  a  dark  coat, 
with  the  light  falling  ol)li(iuely  upon  the  test  glass  from  above.  (V?)  A 
ring  showing  itself  at  a  higher  level,  and  not  so  sharply  defined  supe- 
riorly, is  due  to  excess  of  urates.  Sometimes  two  rings  may  make  their 
appearance,  one  at  the  line  of  contact  of  the  urine  and  the  acid,  due  to 
albumen,  and  the  other  higher  up,  due  to  excess  of  urates.  If  there 
should  be  any  difficulty  as  to  the  identity  of  the  urates,  insert  the  test 
glass  in  boiling  water,  and  the  cloud  of  urates  will  gradually  disappear 
as  the  urine  becomes  heated;  further,  the  addition  of  acetic  acid  to  a 
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fir^h  specimen  of  the  urine  causes  a  si  miliar  precipitate,  but  no  coagu- 
lation of  albumen.  In  the  case  of  a  turbid  urine,  generally  the  result 
of  the  presence  of  excess  of  urates,  the  turbidity  should  first  be  re- 
moved by  gently  heating  the  urine,  (b)  Very  concentrated  urines 
may  give  a  crystalline  precipitate  of  nitrate  of  urea  at  the  line  of  con- 
tact, but,  besides  being  crystalline  in  appearance,  it  disappears  when 
the  urine  is  diluted  or  gently  heated  ;  it  is  also  slow  in  forming.  But, 
to  avoid  any  mistake  from  urea  or  urates,  dilute  the  urine  with  two  or 
three  times  its  volume  of  water  before  testing  it. 

Often  at  the  line  of  contact  of  the  two  fluids  a  violet  or  blue  colora- 
tion may  show  itself,  due  to  indican. 

3.  Acetic  or  Citric  Acid  and  Ferrocyanide  Test, — Acidify  strongly 
with  acetic  or  citric  acid,  and  add  some  drops  of  potassic  ferrocyanide 
solution :  a  white  flocculent  precipitate  appears ;  even  very  dilute  solu- 
tions give  a  turbidity. 

4.  The  Picric  Acid  Test. — This  is  also  strongly  recommended  by 
some  authorities,  a  saturated  watery  solution  being  used,  and  it  is  best 
applied  after  Heller's  method  with  nitric  acid,  a  narrow  greenish 
zone  or  cloud  appearing  at  the  junction  of  the  two  fluids.  It  forms  in 
a  minute  or  so,  even  if  the  albumen  is  present  in  only  very  small  quan- 
tity. It  is  not  so  applicable  where  there  is  turbidity  from  urates  or 
phosphates  (Kirk).  According  to  Dr.  G.  Johnson  "  there  is  no  known 
substance  occurring  in  either  normal  or  abnormal  urine,  except  albumen, 
which  gives  a  precipitate  with  picric  acid  insoluble  by  the  subsequent 
application  of  heat."  The  presence  of  quinine  in  the  urine,  which  al- 
ways occurs  when  this  alkaloid  is  administered,  causes  an  opalescence 
when  the  picric  acid  test  is  employed ;  but  all  turbidity  is  dissipated  by 
heat.  But  this  reagent,  it  should  be  remembered,  also  precipitates 
albumose  and  peptones. 

In  addition  to  the  above,  reference  will  be  made  here  to  a  few  other 
tests  that  are  regarded  as  delicate. 

5.  Phosphotungstic  acid  gives  a  precipitate  even  with  very  dilute 
solutions  of  albumen.  Potassio-mercuric  iodide  or  mercuric  chloride 
with  citric  acid  are  also  good  precipitants.     (See  p.  104.) 

6.  A  solution  of  taicrocholic  acid  precipitates  albumen,  but  not 
peptone. 

7.  Metaphosphoric  add  exceeds  all  other  known  reagents  in  the 
completeness  of  its  precipitation  of  albumen  (Hindenlang). 

8.  Add  a  little  crystalline  trichloracetic  acid  to  1  c.c.  clear  filtered 
urine,  and  leave  the  mixture  at  rest.  The  acid  dissolves,  and  at  the 
juncture  of  the  two  layers  of  liquid  a  well-defined  cloudy  ring  forms. 
When  much  urates  are  present,  warm,  and  the  turbidity  caused  by  them 
disappears,  but  not  that  formed  by  albumen. 

9.  When  the  urine  is  suspected  to  contain  peptones  the  last  traces 
of  albumen  are  removed  by  lead  acetate,  then  treated  with  one-fifth  its 
volume  of  acetic  acid,  and  finally  with  a  solution  of  sodic  phospbotung- 
state  acidified  with  acetic  acid :  any  cloudiness  or  precipitation  indicates 
peptone.  Even  very  dilute  solutions  of  peptones  yield  a  distinct 
opalescence  with  picric  acid.  Peptones  also  gives  a  pinkish  coloration 
with  Fehling's  solution^  this  reagent  giving  a  bluish  tint  with  albumen 
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(p.  120).  Pour  a  little  of  the  urine  upon  some  Fehling'%  solution 
contained  in  a  test  glass,  and  at  the  junction  of  the  two  fluids  a  phos- 
phatic  cloud '  will  show  itself,  above  which  there  will  be  seen  a  rosy- 
tinted  layer  if  there  are  peptones  only  in  the  urine,  but  with  somewhat 
of  a  violet  coloration  when  albumen  is  likewise  present.  On  adding 
some  picric  acid  the  color  becomes  reddish,  and  finally  yellow. 

To  Separate  the  Albumens  from  Urine — 1.  A  series  of  methods  are 
given  on  p.  102. 

2.  Occasionally  forms  of  albumen  may  be  present  in  urine  which  give  no 
precipitate  on  boiling  or  after  the  addition  of  nitric  acid,  but  in.  which  a  pre- 
cipitate is  obtained  by  alcohol.  In  a  few  cases  the  urine  has  assumed  an 
opalescence  on  dilution,  owing  to  the  presence  of  paralbumen  and  paraglob- 
ulin,  which  was  increased  by  a  current  of  carbonic  acid  gas  (Senator).  To 
detect  or  separate  the  paraglobulin  dilute  the  urine  to  sp.  gr.  1002  with  water, 
and  pass  a  current  of  carbonic  acid  gas  for  three  or  four  hours ;  let  the  whole 
stand  for  a  day  or  so,  and  a  whitish  precipitate  is  deposited. 

Or  the  globulin  can  also  be  separated  by  saturating  the  albuminous  urine 
with  magnesic  sulphate ;  the  filtrate  contains  the  serimi  albumen.  The  pre- 
cipitate is  washed  with  hot  water  until  the  filtrate  is  free  from  sulphuric  acid 
and  the  globulin  not  only  washed  but  coagulated ;  it  is  then  to  be  dried  and 
weighed. 

Occasionally  only  paraglobulin  is  present  in  pathological  urine,  but  we  fre- 
quently find  the  albumen  in  this  fluid  consisting  of  paraglobulin  two-thirds 
and  serum  albumen  one-third. 

It  is  rather  difficult  to  separate  serum  albumen  and  peptone  when  they  are 
in  the  same  urine,  but  the  process  can  <reiierally  be  effected  as  follows  ;  Strongly 
acidify  the  filtered  urine  with  acetic  acid  and  lay  aside  for  12  hours;  decant 
and  filter  the  supernatant  liquid ;  then  add  an  excess  of  a  strong  solution  of 
ferric  (chloride,  and  afterwards  neutralize  with  sodic  carbonate*.  Decant  and 
filti^r  again  after  some  time,  evai)orate  the  filtrate  to  a  smidl  bulk,  and  add  ex- 
cess of  absolute  alcohol;  the  peptones  an?  thrown  down  as  a  brownish  precipi- 
tate. By  boilin*'  this  with  alcohol,  washintr  it  with  ether,  dissolvinir  it  in 
water,  then  rcprecipitating  with  alcohol,  and  repeating  the  drying  and  washing 
of  the  precipitate  with  ether,  a  yellowish  j)owder  is  obtained  (ScilULTZEX,  etc.). 

ftuantitative  Estimation.  1.  After  Scherer's  Metlwd. — loo  ee.  of  the 
clear  urine  are  placed  in  a  beaker  of  about  200  c.c.  capacity,  and  if  the  reaction 
is  not  markiidly  acid  a  drop  or  two  of  acetic  acid  is  added.  It  i.s  then  heated 
for  half  an  hour  or  so  in  a  water  bath  until  the  precipitate  settles,  which  is 
sometimes  expedited  by  the  cautious  addition  of  a  trace  of  dilut<^  acetic  acid. 
Pour  upon  a  small  Swedish  filter  that  has  been  dried  at  11(>°  and  weiirhed, 
aiding  the  filtration  by  a  gentle  exhaustion,  and  collect  the  albumen  on  the 
filter,  where  it  is  to  lie  washed  with  boiling  water  rendered  ammoniacal  to  re- 
move uric  acid  and  urates,  and  then  with  hot  wat*.^r  alone  till  the  filtrate  gives 
no  reaction  of  (chloride ;  it  is  next  to  be  washed  with  absolute  alcohol  and  sub- 
se(|uently  with  ether,  afterwards  dried  at  110'=*  and  weighed. 

The  oj)eration  re<juires  four  to  tive  hours,  but  without  much  ciu*e  the  results 
are  inaccurate,  and,  as  it  is  difficult  to  precipitate  the  albumen  completely,  they 
are  also  too  low. 

If  the  urine  is  very  rich  in  albumen  it  is  better  to  take  onlv  20  to  50  c.c. 
and  dilute;  up  to  lOO  c.c.  Ix'fore  boiling.  If  much  mucus  is  pres^mt  it  is  adn-s- 
able  to  dilute  the  urine  with  twice  its  volume  of  water  and  add  acetic  acid  (1.') 
drops  to  every  100  c.c);  filter  aftir  24  hours;  the  filtrate  is  then  boiled  for 
some  time,  either  alone  or  after  the  addition  to  the  urine  of  tV  its  volume  of 
nitric  acid. 
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2.  By  the  Polariscope. — When  the  urine  is  absolutely  clear  and  free  from 
sugar,  and  the  amount  of  albumen  considerable^  the  estimation  may  be  made 
by  means  of  the  polariscope.  The  clearing  up  can  usually  be  effected  by  treat- 
ing the  urine  with  acetic  acid,  sodic  carbonate,  or  milk  of  lime,  or  with  mag- 
nesic  sulphate  and  carbonate  of  soda. 

Proceed  as  in  the  examination  of  sugar,  using  Ventzke-Soleil's  instru- 
ment, and  arranging  by  means  of  the  compensator  so  that  the  two  halves  of  the 
field  of  vision  are  equally  colored  at  the  teinte  de  passage  (generally  the  zero 
of  the  instrument)  ;  the  two-decimetre  tube  Ls  to  be  filled  with  the  clear  filtered 
urine,  and  the  compensator  then  turned  till  the  two  halves  of  the  double  plate 
are  again  colored  alike,  or  till  the  same  teinte  de  passage  is  obtained  aa  existed 
before  the  urine  was  inserted  between  the  prisms.  The  zero  of  the  vernier  is 
now  on  the  left  side  of  the  zero  of  the  scale.  Read  off  the  number  of  divisions ; 
each  division  corresponds  to  one  gram  albumen  for  100  c.c.  urine,  and  each 
division  of  the  vernier  representing  tV  gram. 

If  a  decimetre  tube  is  used  instead,  then  multiply  by  2  the  degrees  of  the  scale 
and  vernier.     More  correctly  the  percentage  will  be  found  by  the  formula — 

p  =  56-,     p  =  the  weight  of  substance  in  100  c.c.  urine. 
si    ^  ^ 

8  =z  the  specific  rotary  power. 

l=zthe  leMgth  of  tube. 

a  =  indication  of  the  scale. 

3.  Esbach's  Method  of  Deposits. — The  reagent  employed  is  prepared  by 
mixing  1)50  c.c.  of  a  solution  of  picric  acid  containing  10  grams  in  the  litre 
with  50  c.c.  acetic  acid  (specific  gravity  1*007)  shake  well  and  lay  aside. 
Specially  prepared  tubes  of  glass  about  6  inches  high,  OG  inch  wide,  and 
graduated  in  grammes,  are  required.  There  are  two  marks  engraved  on  each 
tube,  and  up  to  the  level  of  the  lower  mark  it  is  to  be  filled  with  the  urine, 
and  up  to  the  higher  mark  with  the  reagent. 

Process. — If  the  urine  has  a  higher  specific  gravity  than  1006  to  1008, 
dilute  it,  noting  the  amount  of  water  required,  and  if  it  is  not  acid  add  a  few 
drops  of  acetic  acid  and  stir  well.  Then  fill  the  graduated  tube  with  the  urine 
and  the  reagent  as* just  described ;  close  the  tube  with  the  finger  and  turn  it 
upside  down  several  times,  so  as  to  mix  the  two  fluids.  The  tube  is  next  to  be 
laid  aside  for  12  hours  and  the  level  of  the  deposit  of  albumen  read  off,  which 
will  give  the  number  of  grams  of  albumen  present.  If  the  urine  has  been 
diluted  on  account  of  its  density,  of  course  this  must  be  tiiken  into  consideration.  • 

For  clinical  purposes  the  indications  are  sufficiently  exact,  as  I  have  found 
by  comparison  with  Schereu's  gravimetric  method.  It  is  also  very  easy  of 
application. 

4.  RfAigh  Clinical  Method  of  Deposits. — As  a  means  of  comparison  as  to 
the  relative  amount  of  albumen  discharged  from  day  to  day,  the  ready  method 
is  frequently  adopted  of  boiling  daily  in  the  same  sized  test  tube  the  same 
amount  of  urine  passed  about  the  same  hour  of  the  day,  and  then  adding  3  or 
4  drops  of  acetic  acid ;  the  tube  is  liiid  aside,  and  the  height  of  the  deposit  as 
compared  with  the  volume  of  the  urine  noted ;  or,  if  no  deposit,  the  degree  of 
opalescence  or  cloudiness.  Only  by  using  urine  secreted  as  nearly  as  possible 
under  similar  conditions  as  to  time,  etc.,  testing  e(|ual  amounts,  boiling  for  a 
definite  time,  and  noting  the  height  of  the  deposit  after  a  certain  period  has 
elapsed,  can  any  even  widely  approximative  results  be  obtained. 

5.  Roberts's  Dilution  Method. — When  an  albuminous  urine  is  progressively 
diluted  with  water  and  tested  at  frequent  intervals  with  nitric  acid  after  Hel- 
ler's method,  it  will  be  noticed  that  the  resulting  precipitate  or  opacity  becomes 
less  and  less,  until  at  last  it  vanishes ;  when  this  happens  less  than  000 14  per 
cent,  albumen  is  present.     With  the  increasing  dilution  the  opacity  also  takes 
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a  longer  time  in  appearing.  Acting  on  this  Dr.  Roberts  diliiteB  tlie  mine 
until  it  yi'ref  no  opale$otnce  for  30  9eeond»  after  the  addiiitm  of  ike  add^  but 
thowf  it  at  the,  Ahth  tecond. 

The  urine  i»  first  tested  in  the  ordinary  wav.  so  as  to  form  an  estimate  of 
the  albonjen  present.  It  is  then  dilated  10  to  1(H)  times,  as  deemed  neoeasaij. 
and  a  test  tube  abont  I  inch  wide  is  filled  to  the  depth  of  an  inch  or  so  with 
the  diluted  fluid.  With  a  pipette  a  definite  quantity  of  nitric  add  (about  10 
to  12  minims  >  is  next  allowed  to  flow  into  the  obliquely  inclined  test  tube,  so 
as  to  form  a  layer  below  the  urine  a  quarter  of  an  inch  de^.  The  time  of  the 
addition  of  the  acid  should  be  exaetlT  noted,  and  also  the  time  in  which  the 
opacity  appears,  which  may  be  more  readily  seen  by  holding  up  the  test  tube 
to  the  light  against  s<ime  dark  background.  The  experiment  shoaM  be  repeated 
with  more  or  less  diluted  urine  until  the  reaction  appears  in  not  sooner  than  35 
and  not  later  than  45  seconds  after  the  addition  of  the  acid.  The  d^ree  of 
dilution  L<  then  noted.  If.  sav.  ti»  arrive  at  this  n^smJt.  5  c.c.  have  been  diluted 
up  to  50u  c.c.  the  urine  is  considered  as  havinsr  lUO  degrees  of  albumen,  each 
degree  corresponding  to  00034  per  cent.  [OHM.iS  •  MrsciLUS ».  0-iKl33  (Ham- 
M.%R.ST£N  ]  :  and  each  volume  of  water  rei|uired  to  be  added  being  termed  a 
de^n'ce.  the  zero  beinir  the  state  of  dilution  neeessarv  for  the  terminal  reaction. 

(j,  Bodekeb's  Method :  Precipitation  with  a  Standard  Solution  of  Acetic 
Acid  and  Potanic  Ferrocyanide. — ^This  gives  fairiy  approximative  results 
whtfu  the  albumen  is  not  less  than  1  to  2  per  cent.  The  predpitarion  oocun 
in  the  proportion  of  21 1  of  the  ferrt:icyanide  to  1.012  albumen.  Disserve  1*309 
gram  pure  ferrocyanide  in  1  litre  distilled  water :  1  c.c.  =  0-01  gram  albumen. 

Process. — Mix  50  c.c.  of  the  albuminous  urine  with  50  c.c.  ordinary  acetic 
add.  and  tran.sfer  the  mixture  to  a  burette.  Five  or  six  small  filters  are  placed 
in  a.s  manv  funneL<.  and  after  harin^r  been  moistened  with  a  little  acetic  add 
are  fille^l  Arith  lxiilin«r  water.  Now  measure  1<>  c.c.  ferrocvanide  solution  into 
a  beaker,  and  add  to  it  10  c.c.  of  the  mixture  of  urine  and  acetic  acid :  shake 
wi.-ll  ao'l  filt«.T:  tost  the  filtrate,  if  hriirht  dear  an<l  yellow,  with  a  drop  of  urine 
and  riMtv  if  aiiv  clMU«liii..-s«;  i<  rir-idiK'td.  It*  the  filtrate  Is  turbid,  and  trive»  an 
irK-reiLS*><l  turl»i«litv  <»ii  the  a«Miti«»u  ^f  the  feiT<H-vani«.le.  then  the  albumen  has 
not  l.M-f'ii  III!  [»recii»itated.  The  exf^-rimrut  i>  then  t«.»  l>e  rejx-atcd  with  more  or 
le'?>  of  the  leiTiK-yanide.  aee'irdinir  to  the  result  of  the  first  experiment:  and 
thi"?  i<  r-ontinue*l  until  a  nearly  exaet  result  is  obtained. 

7.  Tanrets  mrtJu^l  is  foun«le«l  «»n  the  prti-ijiitati«»n  <.>f  albumen  by  jK>tassio- 
nienuric  intJide  in  }»re>ene"  uf  acetic  acid.     It  is  thus  prepared : — 

Gramsw 

PotiLSsic  iodide 3'32 

Men-uric  chloride 1'35 

Water t54*0 

Acetic  acid "30  c.c. 

1  c.c.  "f  tlii-*  [irfcipitates  -'.7  of  a  iniun  itf  albumen.  It  is  to  Ix'  added  carefullv 
and  ••lowly  till  all  prt.-<ij»ilatii»n  i>  ci»nipleteil.  which  can  Ix' deteruiincd  bvallow- 
in:r  tli*-  j^rt^.-ipitat*-  tu  settle  and  addin-j  a  tlrop  of  the  reairent  to  the  supernatant 
li*|uid  or  to  a  few  driip^^  of  the  filtrate. 


CHAPTER    XX. 

PATHOLOGY  OF  ALBVMIXURIA. 


The  cases  in  which  albuminuria  apf>ears  are  verv  numerous. 
"1 .   lienid  Affections. — In  a  great  number  of  the  cases  of  albuminuria 
the    kitlneys   have  undergone  structural  alteration.      Laxguaxs  and 
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^ve  detected  changes  in  the  epithelium  of  the  Malpighian  cap- 
Syis  of  the  epithelial  lining  of  the  tubes  also  frequently  occur, 
^ion  of  this  epithelium  as  well  as  ca,sts  in  the  tubes  may  be 
any  consecjuent  albuminuria  (Schachowa).    It  is  prob- 
loid  degeneration  of  the  kidney  not  involving  the  capsules 
.or  a  long  time  without  any  albumen  in  the  urine  (Litten). 
aria  may  therefore  be  the  direct  conse(j[uence  of  renal  disease, 
cute  injlanif nation  or  congestion  and  in  the  different  forms  of 
jilts  disease  of  the  kidneys.     As  a  temporary  phenomenon  it  may 
J  noted  in  the  congestion  often  resulting  upon  paralysis  of  the  vaso- 
motor nerves  of  the  kidneys,  and  occasionally  recurring  in  specific  and 
inflammatory  fevers^  attended  with  a  high  temperature,  as  in  scarlatina 
in  an  early  stage,  and  during  convalescence  in  typhus,  typhoid,  variola, 
erysipelas,  and  diphtheria ;  and  in  meningitis,  i)neumonia,  peritonitis, 
acute  rheumatism,  especially  when  accompanied  by  pericarditis,  pneu- 
monia, or  pleurisy ;  and  in  puerperal  fever,  particularly  when  attended 
with  puerperal  convulsions.     If  the  temperature  should  continue  high 
for  some  time  (above  104°  F.)  peptones  may  also  be  present.     In  some 
individuals  there  is  a  great  4;endency  to  this  occurrence  of  albuminuria 
in  the  course  of  dififerent  febrile  attacks ;  but  albuminuria  is  a  recog- 
nized  sequela  of  scarlatina,  and  a  frequent  occurrence  in  variola,  typhoid, 
erpsipelas,  malignant  pustule,  and  diphtheria.     The  congestion  of  the 
kidneys  leading  to  the  presence  of  albumen  in  the  urine  may  also  result 
from  the  irritation  of  powerful  diuretics,  cantharides,  carbolic  acid,  etc. 
*  Retention  of  the  urine  through  closure  of  the  ureters  may  likewise 
lead  to  albuminuria,  the  epithelium  lining  the  tubules  becoming  gran- 
ular and  fatty,  casts  also  sometimes  presenting  themselves.     Occasion- 
ally in  advanced  and  unfavorable  cases  of  diabetes  albuminuria  may 
set  in. 

2.  A  Disturbance  of  the  Renal  Circulation  produced  by  an  Ex- 
trarenal Cause  J  leading  to  Reduction  or  Increase  of  the  Blood  Pressure 
in  the  Kidneys. — Diminished  blood  pressure  in  the  glomeruli,  as  when 
brought  about  by  pressure  on  the  arteries,  may  cause  albuminuria 
(Runeberq)  ;  but  the  experiments  of  Gottwalt  would  make  it  appear 
that  the  higher  the  arterial  pressure  the  greater  should  be  the  percent- 
age of  albumen.  As  Ludwig  has  pointed  out,  ligature  or  compression 
of  the  renal  veins  causes  a  great  swelling  up  of  the  venous  bundles  in 
the  marginal  layer  of  the  medulla  of  the  kidney,  which  leads  to  a  closure 
of  the  urinary  tubules  in  the  neighborhood.  The  disturbed  circulation 
in  the  kidney  may  be  produced  by  (a)  compression  of  the  renal  veins 
by  tumors  or  otherwise,  or  occlusion  of  these  veins  or  of  the  vena  cava 
ascendens  by  thrombi  or  emboli,  or  by  an  enlarged  pregnant  uterus 
(7th  or  8th  month,  but  occasionally  in  the  3rd  or  4th  month,  1  in  56 — 
Arsdale)  ;  (6)  temporary  compression  of  the  renal  artery ;  {c)  increased 
arterial  blood  pressure  in  one  kidney,  caused  by  extirpation  of  the 
other  or  by  compression  of  the  aorta  below  the  origin  of  the  renal  ves- 
sels; (rf)  compression  of  the  aorta  above  the  origin  of  the  renal  vessels 
(Overbeck)  ;  {e)  interference  with  the  circulation  from  distension  of 
the  heart;  (/)  compression  of  the  bronchi  leading  to  convulsions, 
weakening  of  the  cardiac  beat,  and  suffocation;  [g)  great  reduction  of 
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temperature  (Lassar)  ;  (A)  reduction  of  blood  pressure,  the  quantity 
of  the  urine  being  at  the  same  time  diminished,  as  in  cholera,  in  new- 
born children,  in  eclampsia  parturientium,  and  occasionally  in  cases  of 
epilepsy,  tetanus,  lead  colic,  and  in  many  cases  of  chronic  bronchitis, 
croupous  pneumonia,  phthisis  pulmonalis,  emphysema,  pleurisy,  and 
peritonitis :  in  many  of  these  cases  it  would  be  difficult  to  state  the  true 
pathological  cause  and  to  say  whether  the  renal  pressure  is  reduced  or 
raised. 

The  congestion  of  the  kidney  may  be  active^  as  in  the  temporary 
turgescence  of  the  renal  capillaries  occasionally  occurring  in  inflamma- 
tory and  other  fevers,  after  exposure  to  cold,  in  some  forms  of  nerve 
irritation,  and  consequent  on  the  passage  of  irritants  through  the  kid- 
neys ;  or  passive  and  secondary  to  general  venous  engorgement  of  the 
kidneys,  as  in  the  venous  obstruction  resulting  from  cardiac,  pulmonary, 
and  hepatic  disease,  and  in  thoracic  aneurism  and  mediastinal,  ovarian, 
and  other  tumors. 

Disturbed  Innervation, — Bernard  found  that  lesions  of  difierent 
parts  of  the  brain  and  spinal  cord,  as  well  as  stimulation  of  the  renal 
nerves,  caused  an  appearance  of  albumen  in  the  urine,  the  results  being 
probably  due  to  the  alteration  in  the  diameter  of  the  blood  vessels  and 
in  the  blood  pressure.  In  some  nervous  diseases  the  nervous  symptoms 
may  be  associated  with  the  renal  disease,  as  in  the  hemiplegia  resulting 
from  cerebral  hicmorrhage  in  contracted  kidney  with  cardiac  hypertro- 
phy ;  or  it  may  be  a  direct  efiect  of  the  nervous  disease  itself,  as  in  the 
temporary  albuminuria  occasionally  observed  after  epileptic  or  other 
nervous  fits,  or  in  tumor  of  the  brain  or  other  cerebral  lesions,  as  men- 
ingitis, tetanus,  and  delirium  tremens  (Huppert,  FCrstner,  etc.). 

4.  Alteration  in  the  Constitution  of  the  Blood,  brought  about  pos- 
sibly by  certain  modifications  in  the  tissue  metamorphoses  occurring  in 
different  febrile  and  inflammatory  afl'ections,  as  in  a  hydraemic  condition 
of  the  blood  ^vith  atony  of  the  tissues,  as  occurs  in  purpura,  scurvy, 
pyaemia,  or  after  exhaustive  illnesses  and  extensive  alteration  of  im- 
portant organs. — The  injection  of  diluted  and  filtered  white  of  egg  into 
the  veins  of  an  animal  is  followed  by  its  excretion  by  the  kidneys ;  a 
similar  injection  of  much  water  often  leads  to  the  same  result.  Want 
of  common  salt  in  the  food,  and  an  excess  of  a  diet  rich  in  all)umen, 
especially  after  fasting,  may  also  be  succeeded  by  albuminuria,  and  oc- 
casionally in  nursing  women  after  sudden  suppression  of  the  secretion 
of  milk  albumen  may  appear  in  the  urine. 

Certain  poisons  may  likewise  lead  to  albumen  in  the  urine,  as  the 
long-continued  use  of  large  doses  of  morphia,  after  deep  chloroform 
narcosis,  and  the  inhalation  of  arseniuretted  hydrogen  and  carbonic 
oxide,  etc.,  and  in  lead  and  phosphorus  poisoning.  The  albuminuria 
occui-ring  in  cholera  may  depend  on  the  increased  specific  gravity  of 
the  blood  resulting  from  the  profuse  alvine  discharges. 

In  many  chronic  and  constitutional  affections  albuminuria  may  be 
noted,  as  in  leukivmia,  sy])hilis,  cancer,  scrofulous  suppurations,  etc., 
occasionally  also  in  cases  of  chronic  indigestion  with  constant  alkaline 
urine  or  oxalate  of  lime  deposits. 

5.  Admixture  of  Blood,  Pus,  or  Semen  with  the  urine  may  render 
it  albuminous.     The  blood  and  pus  may  be  derived  from  the  kidney  or 
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the  urinary  passages,  bladder,  etc.  Look  for  blood  or  pus  corpuscles, 
spermatozoa,  threads  of  fibrin,  and  haemoglobin.  When  a  purulent 
urine  is  treated  with  liquor  potassae  the  deposit  is  rendered  glairy  or 
gelatinous. 

Dioffnosis. — It  will  readily  be  seen  that  in  many  of  these  cases  the 
albuminuria  is  only  temporary^  as  in  zymotic  diseases  when  there  is  a 
specific  poison  and  a  high  temperature,  and  often  in  the  course  of  such 
diseases  as  tubercle,  cancer,  and  necrosis,  etc. 

In  all  cases  of  albuminuria  it  should  accordingly  be  carefully  noted 
whether  or  not  the  condition  is  a  temporary  or  permanent  one;  an 
estimate  should  then  be  formed  as  to  its  amount ;  concurrent  evidence 
should  also  be  looked  for,  and  note  taken  as  to  the  quantity  of  the 
urine,  its  specific  gravity,  the  presence  in  it  of  renal  epithelium,  tube 
casts,  blood,  pus,  crystalline  deposits,  parasites,  etc. 

Above  all  the  student  must  not  conclude^  when  he  finds  albumen 
in  the  urine,  that  its  presence  there  is  necessarily  due  to  renal  disease. 

A  large  amount  of  albumen  in  the  24  hours  points  to  renal  disease, 
and  this  is  more  likely  to  be  the  case  if  the  urine  is  pale  in  color  and 
of  low  sp.  gr.  (under  1012),  and  about  3  or  4  pints  in  quantity.  As 
a  rule  a  small  amount  of  albumen  and  a  dense  and  high-colored  urine 
point  to  pyrexia,  or  to  some  interference  with  the  renal  circulation. 
Casts  or  renal  epithelium  are  indicative  of  renal  mischief.  Therefore, 
if  the  urine  is  permanently  albuminous,  casts  and  renal  epithelium 
present,  and  no  other  abnormal  condition  capable  of  producing  the  al- 
buminuria to  be  detected,  the  probability  is  that  the  disease  is  renal. 

It  is  of  importance  also  in  cases  of  albuminuria  to  determine  the 
amount  of  urea  passed,  as  the  prognosis  would,  as  a  rule,  be  much 
more  unfavorable  if  the  excretion  of  this  body  fell  considerably  below 
the  normal. 


CHAPTER  XXI. 

HEMATURIA— BLOOD  IN  THE  URINE, 

•  Blood  is  present  in  the  urine  in  many  diseases,  the  corpuscles  and 
haemoglobin,  or  in  some  cases  the  haemoglobin  alone.  Fibrin  or  the 
fibrin  generators  may  show  themselves,  in  which  case  spontaneous 
coagulation  would  set  in ;  but  this  is  a  very  rare  occurrence  except  in 
tropical  countries. 

Properties. — Urine  containing  blood,  unless  the  amount  is  very 
slight,  is  either  of  a  blood  red  or  brownish  color  with  a  black,  smoky, 
or  greenish  tint,  and  generally  deposits  a  red  or  reddish  brown  sedi- 
ment after  standing.  If  the  source  of  blood  is  other  than  the  kidneys, 
as  the  ureters,  bladder,  or  urethra,  the  color  is  of  a  brighter  red,  and 
clots  are  oft;en  present. 

Tests. — 1.  Presence  of  Blood  Corpuscles,  Casts,  Renal  Cells,  etc. 

— When  blood  is  expected  to  be  present  the  urine  should  be  allowed  to 

stand  at  rest  for  some  time,  to  allow  a  deposit  to  be  formed.     The 

microscope  detects  blood  corpuscles  that  may  be  almost  unaltered,  or 

26 


402  bxcreta:  the  faeces  and  urine. 

much  swollen,  decolorized,  and  deformed;  also  blood  and  fibrin  casts. 
At  times  microscopic  examination  fails  to  detect  the  corpuscles,  on 
account  of  the  changes  they  have  undergone ;  recourse  must  then  be 
had  to  the  other  tests.  Much  alteration  in  the  corpuscles  is  likely  to 
occur  when  the  urine  is  ammoniacal  or  of  very  low  specific  gravity ; 
otherwise,  with  the  exception  of  some  decolorization,  they  may  retain 
their  form  for  several  days,  and  appear  as  circular,  non -nucleated, 
somewhat  flattened  disks,  which  must  not  be  confounded  with  sporules, 
discoid  crystals  of  oxalate  of  lime,  or  renal  epithelium.  In  cases  of 
doubt,  after  examining  the  deposit  upon  a  slide  with  the  microscope, 
irrigate  it  with  a  strong  watery  solution  of  magenta  (about  1  per  cent.), 
which  stains  the  nuclei  of  the  renal  epithelial  cells  and  also  the  sporules ; 
and  irrigate  in  the  same  way  another  specimen  with  a  solution  of  eosin 
(eosin  1,  alum  1,  alcohol  100),  which  imparts  a  rosy  orange  tint  to  the 
colored  corpuscles,  if  they  have  not  been  completely  deprived  of  their 
haemoglobin.  When  the  presence  of  the  corpuscles  haa  been  satisfac- 
torily established,  it  should  be  noted  whether  the  blood  is  associated 
with  calculi,  parasites,  or  much  mucus ;  and  at  the  same  time  the  observa- 
tion carefully  made  whether  or  not  the  blood  is  intimately  mixed  with  the 
urine,  and  blood,  fibrin,  or  epithelial  casts,  or  pus  or  cancer  cells  present. 

2.  Presence  of  Hce^moglobin. — The  urine,  according  to  IIoppk 
Seyler,  seldom  contains  oxyhaemoglobin,  but  instead  methaemoglobin ; 
with  pathological  urine  containing  blood,  however,  I  have  generally 
been  able  to  obtain  the  absorption  bands  of  oxyhaemoglobin,  and  some- 
times that  of  the  so-called  methaemoglobin  as  well.  The  unfiltered 
urine  should  be  examined  directly. 

{a)  A  layer  of  the  urine  is  examined  in  a  small  glass  vessel  with 
parallel  walls,  the  narrow  slit  of  the  spectroscope  being  brought  into 
close  proximity  with  it.     Sometimes  only  the  band  near  D  is  visible. 

{b)  If  no  absorption  bands  are  seen  add  acetate  of  lead  in  excess 
to  a  considerable  volume  of  the  urine,  filter,  and  shake  up  the  precipi- 
tate thus  obtained  in  a  little  water,  where  it  is  to  be  decom])osed  with 
sodic  carbonate,  then  the  precipitated  lead  carbonate  removed  by  fil- 
tration, and  the  filtrate  examined  spectroscopically  (Hoppe  Seyler). 

(c)  Mix  in  a  test  tube  equal  volumes  of  spirits  of  turpentine  and 
tincture  of  guaiacura,  freshly  prepared  by  dissolving  in  alcohol  (83  per 
cent.)  small  fragments  detached  from  the  interior  of  a  large  piece  of 
the  gum  that  has  been  ])roken  in  two.  Shake  this  tincture  and  the 
spirits  of  turpentine  well  together,  so  as  to  form  an  emulsion ;  and 
add  a  little  of  the  mixture  to  some  of  the  urine  in  a  test  glass,  pouring 
it  slowly  down  the  side  of  the  tube  upon  the  urine:  if  blood  is  present 
the  resinous  precipitate  has  more  or  less  of  a  blue  coloration  (Almex). 

Or  the  test  may  be  thus  made  :  Place  a  few  drops  of  the  urine  in 
a  test  tube,  add  a  dro])  of  freshly  prepared  tincture  of  guaia<jum.  then 
a  little  ozonic  etlier,  and  shake  well.  If  the  ether  rises  to  the  surface 
of  a  blue  color,  blood  is  present. 

3.  Presence  of  Hcvmatin. — {(i)  The  urine  is  rendered  strongly 
alkaline  with  caustic  soda  and  boiled:  the  precipitated  phosphates  will 
be  colored  of  a  blood  red  by  the  contained  haematin. 

A  somewhat  similar  reaction  may  be  obtained  with  urine  containing 
chrysophanic  acid  or  the  pigments  of  rhubarb  or  senna;  but  the  deposit. 
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when  treated  with  caustic  potash,  is  not  dichroic ;  and  mineral  acids, 
instead  of  brightening  the  color,  as  is  the  case  with  blood,  render  it 
lees  vivid. 

(h)  Acidulate  the  urine  containing  the  blood  with  acetic  acid  and 
boil  it,  when  a  brownish  coagulum  of  albumen  and  hsematin  is  precipi- 
tated. Decant  the  urine  from  the  coagulum,  and  having  washed  the 
latter  with  a  little  water,  shake  it  up  with  some  alcohol  containing 
sulphuric  acid:  a  red  or  reddish  brown  solution  is  thus  obtained,  which 
is  to  be  filtered.  If  sufiiciently  concentrated  it  will  show  on  spectro- 
scopic examination  a  dark  band  midway  between  c  and  D,  and  another 
lighter  and  less  decidedly  marked  but  broader  band  extending  from 
midway  between  d  and  E  to  F.  Sometimes,  however,  with  a  certain 
degree  of  dilution  this  latter  band  may  appear  as  two,  one  near  f  and 
the  other  near  D.  If  now  the  alcoholic  solution  is  evaporated  to  dry- 
ness and  the  residue  incinerated,  the  presence  of  iron  in  the  ash  may 
be  detected  by  dissolving  it  in  a  few  drops  of  dilute  hydrochloric  acid, 
and  adding  a  little  ferrocyanide  of  potassium,  when  a  blue  precipitate 
is  formed.     This  is  best  effected  on  a  slide  under  the  microscope. 

4.  Presence  of  Hcemin, — {a)  By  adding  a  few  grains  of  chloride 
of  sodium  to  the  alcoholic  solution  obtained  as  in  the  last  process,  and 
evaporating  it  carefully,  haemin  may  be  formed. 

(6)  Render  the  urine  alkaline  with  ammonia  or  potash,  then  add 
some  solution  of  tannic  acid,  and  acidify  with  acetic  acid.  A  dark 
precipitate  is  obtained,  which  is  to  be  collected  and  washed  on  a  filter, 
dried,  and  a  little  of  it  rubbed  up  in  an  agate  mortar  with  a  trace  of 
sodic  chloride,  and  then  transferred  to  a  test  tube  to  which  some  glacial 
acetic  acid  is  added,  and  the  whole  boiled ;  next  filter  into  a  watch 
glass,  and  dry  the  filtrate  at  a  moderate  temperature.  Now  heat  the 
residue  on  a  glass  slide  with  some  drops  of  glacial  acetic  acid,  and 
having  applied  a  cover  glass  heat  again  after  the  addition  of  more 
acetic  acid;  when  cool  examine  under  the  microscope,  and  if  blood  has 
been  present  in  the  urine  dark  brown  rhombic  lamellae  of  hsemin  or 
flattended  rhombic  needles  frequently  crossed  are  to  be  seen  (Struve). 

To  Distinffuish  between  Hcematuria  and  Albuminuria, — Bloody 
urine  necessarily  also  contains  albumen ;  hence  it  is  often  of  impor- 
tance to  know,  when  blood  is  found  in  the  urine,  whether  the  whole  of 
the  albumen  present  comes  from  this  source — whether,  in  short,  the 
case  is  haematuria  plus  albuminuria  or  haematuria  alone  This  can  be 
ascertained  by  completely  separating  all  the  albumen  from  a  definite 
volume  of  the  urine,  weighing  it  after  it  has  been  dried,  and  then 
incinerating  and  determining  the  iron  present  in  the  ash,  from  which 
the  corresponding  quantity  of  blood  can  be  calculated. 

Pathology. — The  presence  of  blood  in  the  urine  indicates  a  hajmorrhage 
from  some  part  of  the  uropoietic  tract.  Its  causes  and  consequences  vary 
greatly.  It  should  be  carefully  noted  whether  or  not  the  condition  is  perma- 
nent or  temporary,  in  the  former  the  prognosis  being  very  unfavorable,  as  in 
cases  of  intense  scurvy,  septic  fevers,  etc. 

Sources,  1.  Kidneys, — Calculi,  tubercle,  cancer,  or  abscesses;  in  acute 
and  occasionally  in  chronic  forms  of  nephritis;  aneurism  and  emboli  of  the 
reual  arteries,  and  thrombosis  of  the  renal  veins ;  falls  and  blows  leading  to 
rupture;  parasites  in  the  mucous  membrane  of  the  pelvis,  as  in  the  endemic 
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hsDraaturia  of  hot  climates,  and  in  some  cases  of  pyelitis;  in  the  congestions 
at  times  occurring  in  the  eruptive  fevers,  in  which  it  may  occur  from  the  whole 
urinary  tract;  or  as  the  result  of  exposure  to  cold,  or  ailer  the  use  of  can- 
tharides,  turpentine,  and  other  powerful  diuretics;  occasionally  also  in  a  parox- 
ysmal form,  and  in  the  hsemorrhagic  diathesis  often  noted  in  scurvy,  purpura 
haemorrhagica,  and  malaria. 

2.  Bladder. — Diphtheritic  and  acute  cystitis,  calculi,  oafcinoma,  congestion, 
fungoid  growth,  varicose  veins,  etc. 

3.  Prostate. — Structural  disease. 

4.  Urethra. — After  catheterization,  etc. 

HeBmoglobinnria.— Urine  containing  haemoglobin  without  any  blood 
corpuscles  is  of  a  very  dark  red  color,  coagulating  on  boiling  and  a 
brown  scum  forming  on  the  surface.  If  it  is  now  well  shaken  up  with 
alcohol  containing  sulphuric  acid  the  haemoglobin  is  dissolved,  and  the 
alcoholic  extract  gives  the  absorption  spectrum.  This  would  point  to 
haemoglobin  existing  free  in  the  serum  of  the  blood,  owing  to  a  con- 
siderable destruction  of  the  corpuscles  in  the  blood  vessels ;  and,  indeed, 
it  is  possibly  owing  to  the  excess  of  haemoglobin  set  free  that  it  is  ex- 
creted in  the  kidneys,  for  a  small  amount  of  this  body  is  constantly 
being  liberated  under  normal  conditions.  That  this  is  very  probable 
is  shown  by  the  result  of  experiments  in  which,  when  only  small  quan- 
tities of  haemoglobin  were  injected  into  the  blood,  no  elimination  of  it 
occurred,  whilst  the  injection  of  large  quantities  produced  haemoglo- 
binuria  (Ponfik). 

This  condition  has  been  noticed  after  ingestion  of  excess  of  arsen- 
iuretted  hydrogen,  hydrochloric,  phosphoric,  lactic,  sulphuric,  and 
pyrogallic  acids,  and  potassic  chlorate  and  sodic  bicarbonate ;  also  at 
times  after  jaundice,  fat,  emboli,  burns,  typhoid  fever,  scarlatina, 
scurvy,  putrid  fevers,  pernicious  intermittent,  transfusion  of  lamb's 
blood,  etc. ;  and  it  has  even  appeared  after  long-continued  cold  baths 
and  severe  exercise.  ^ 

Methfiemoglohin  is  said  to  be  frequently  found  in  urine,  appearing  if  much 
destruction  of  the  colored  corpuscles  is  induced  in  any  way,  as  by  injec- 
tion of  water,  etc.,  or  of  blood  of  a  different  species,  into  the  vessels.  The 
urine  is  red,  brown  or  black,  and  gives  three  absorption  bands,  of  which  the 
one  between  c  and  D,  but  nearer  i),  is  characteristic.  But  if  the  urine  is  at 
all  decomposed,  or  diluted  with  water  and  shaken  some  time  in  the  air,  the 
absorption  bands  of  oxyluemoglobin  are  obtained. 

With  few  exceptions,  when  this  body  is  j)resont  in  urine,  biliary  acids  are 
also  to  1)1'  found  ( lIopi'K  Skvlkr). 


CHAPTER  XXII. 

SUGAR  IN  THE  URINE. 

Melituria. — This  combined  with  polyuria  and  polydipsia  constitutes 
diabetes  nicllitus. 

The  wei<^ht  of  evidence,  founded  upon  the  reduction  of  cupric  and 
})ismuthic  salts,  and  the  evolution  of  carbonic  anhydride  when  fermented 
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with  yeast,  appears  to  be  in  favor  of  the  opinion  that  a  trace  of  sugar 
is  generally  found  in  healthy  urine  (BRt^CKE,  Mosler,  Abeles,  Bence 
Jones,  Gublbr,  Pavy,  Iwanofp,  BOdecker),  although  many  able 
observers  have  failed  to  separate  grape  sugar  even  from  a  large  volume 
of  urine  (KClz,  Maly,  Moscatblli,  Lehmann,  Lbconte,  Seegen, 
Neubauer,  Goru?  Besanez),  while  Hager  asserts  that  he  can  alwat/8 
find  it  in  the  urine  of  old  people.  Possibly,  therefore,  it  may  not 
always  be  present,  but  be  afiected  considerably  by  different  physiological 
conditions,  such  as  the  diet,  etc.  Indeed,  there  may  be  such  a  thing 
as  an  '^  alimentary  glycosuria,''  as  Bernard  termed  it,  produced  by  a 
food  rich  in  sugars  or  starches. 

Without  entering  into  the  vexed  question  of  the  source  of  the  sugar 
found  in  the  blood  under  normal  conditions,  further  than  to  state  that 
in  the  author's  opinion  the  weight  of  evidence  seems  to  favor  Bernard's 
theory  that  it  is  in  great  part  derived  from  the  glycogen  of  the  liver, 
we  may  safely  say  that  in  diabetes  the  amount  of  sugar  in  the  organism 
is  greatly  increased,  either  from  its  excessive  formation  or  from  some 
hindrance  to  its  decomposition  when  formed.  Sugar  is  present  in  the 
blood,  and  we  can  readily  see  how  easy  it  is  for  such  a  body  to  pass 
through  the  capillaries  of  the  Malpighian  capsules.  In  diabetes  the 
venous  blood  has  been  found  to  contain  0-9  per  cent,  of  sugar  (Hoppe 
Seyler)  ;  Cantani  has  found  0*5  to  0-8  per  cent,  in  the  serum ;  but 
although  it  may  amount  to  10  per  cent,  in  the  urine  it  never  rises  in 
the  blood  above  1  per  cent. ;  but  this  increased  proportion  of  sugar  in 
the  blood  can  bring  about  diabetes,  as  we  can  prove  experimentally,  and 
in  diabetes  this  increased  formation  of  sugar  is  a  constant  factor. 

Properties. — Diabetic  urine  is  generally  of  a  very  pale  straw  color, 
often  turbid,  possessing  frequently  a  slight  greenish  tint  or  a  faint  opal- 
escence that  increases  as  the  urine  stands.  Its  specific  gravity  is  high 
(1030  to  1052,  although  very  exceptionally  it  may  be  as  low  as  1005); 
its  acidity  is  generally  feeble,  though  occasionally  excessive,  often  being 
neutral  or  feebly  alkaline,  and  its  odor  is  peculiar.  Diabetic  urine 
soon  ferments  with  evolution  of  gas  and  production  of  sporules  and 
filaments  of  the  torula  cerevisise,  which  generally  collect  after  a  time  as 
a  whitish  deposit. 

The  quantity/  of  urine  seldom  sinks  below  3J  pints  in  the  twenty- 
four  hours,  but  it  varies  generally  between  8  and  15  pints,  although  it 
may  be  much  greater.  The  occurrence  of  fevers  or  inflammations 
diminishes  it  greatly.  4  per  cent,  is  the  average  amount  of  sugar  pres- 
ent, rarely  rising  much  above  this,  but  it  may  form  12  per  cent. 

Sugar  of  milk  may  be  found  in  the  urine  when  the  secretion  of 
milk  or  its  discharge  is  suddenly  arrested ;  this  is  a  regular  occurrence 
24  to  48  hours  after  weaning. 

An  acetone  body  is  also  occasionally  present  in  diabetic  urine,  which 
gives  a  brownish  red  coloration  with  ferric  chloride ;  such  patients  fre- 
quently emit  an  odor  of  acetone  in  the  breath. 

Tests.  1.  Trommer's. — Add  to  the  urine  one-fourth  to  one-third 
its  volume  of  caustic  soda  solution,  then  drop  by  drop  a  solution  of 
cupric  sulphate  (1  :  10)  until  the  precipitate  formed  appears  to  have 
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dissolved  completely ;  heat  the  upper  third  of  the  mixture  in  the  test 
tube,  and  a  yellowish  red  precipitate  is  formed  before  the  boiling  point 
is  reached. 

Or  apply  the  test  by  dropping  the  urine  slowly  into  a  little  boiling 
diluted  Fehling's  solution  until  rather  less  than  an  equal  volume  of  the 
urine  has  been  added.  If  very  little  sugar  is  present  5  to  20  minutes 
may  elapse  before  the  suboxide  is  deposited ;  the  boiling,  however,  is 
not  to  be  prolonged.  But  a  milky  appearance  is  very  suspicious,  and 
generally  indicates  sugar. 

Uric  acid,  hypoxanthin,  and  mucus,  etc.,  possess  a  reducing  action 
on  cupric  oxide ;  the  reduction  also  by  sugar  is  more  or  less  hindered 
by  the  presence  of  albuminous  bodies,  peptone,  pepsin,  kreatin,  krea- 
tinin,  and  to  a  less  degree  by  the  urinary  pigments  in  excess. 

Sometimes  the  reaction  fails  unless  the  urine  is  diluted  before  being 
tested  (KClz).  The  presence  of  reducing  agents  in  the  urine  other 
than  sugar  may  give  rise  to  a  strong  yellow  coloration  after  the  urine 
has  been  boiled  with  the  cupric  oxide  and  set  aside  for  a  few  minutes. 
In  case  of  doubt  lay  aside  a  similar  mixture  in  the  cold  for  twenty-four 
hours,  and  the  suboxide  will  separate  if  sugar  is  present.  Or,  where 
there  is  very  little  sugar  present  and  some  doubt  as  to  the  cause  of  the 
reduction  of  the  cupric  oxide,  the  urine  may  be  precipitated  with 
plumbic  acetate  and  the  filtrate  tested  with  the  Fehling's  solution. 

If  there  is  very  little  sugar  it  is  advisable  to  filter  the  urine  through 
animal  charcoal  several  times,  and  the  resulting  limpid  filtrate  will  give 
the  sugar  reactions  more  sharply,  although  a  little  of  the  sugar  is  re- 
tained by  the  charcoal  (Seeoen). 

2.  Circular  Polarization, — A  urine  containing  even  0*3  per  cent, 
sugar  will  give  a  marked  polarization  to  the  right.  Diabetic  urine  is 
generally  sufficiently  clear  for  the  purpose;  but  if  too  highly  colored 
it  should  be  filtered  through  animal  charcoal,  although  charcoal  is  not 
to  be  highly  recommended,  as  it  holds  back  some  of  the  sugar ;  better 
therefore  to  precipitate  the  coloring  matter  with  neutral  lead  acetate, 
and  to  pass  the  urine  through  an  unmoistened  filter  into  a  dry  beaker. 
If  albumen  is  present  it  must  be  separated,  as  it  polarizes  the  light 
dift'erently  to  sugar — that  is,  to  the  left.  Take  100  c.c.  urine,  add  a 
drop  or  two  of  acetic  acid,  and  boil  for  some  time ;  filter  and  Wiish  the 
precipitate  with  water  until  the  filtrate  occupies  exactly*  100  c.c.  When 
cold  test  with  the  polariscope. 

The  use  of  chloral  and  of  certain  aromatic  bodies  interferes  with 
this  process,  on  account  of  their  presence  in  the  urine  causing  polariza- 
tion to  the  left. 

3.  Fermentation  Test. — Add  a  little  washed  yeast  to  a  long,  narrow, 
closed  tube,  then  fill  this  up  with  the  urine  and  invert  over  water  or 
mercury.  Lay  aside  for  12  hours  in  a  moderately  warm  place,  and 
then  note  the  accumulation  of  gas  in  the  tube  and  the  consequent  dis- 
placement of  the  urine.  The  gas  may  be  shown  to  be  carbonic  acid  by 
its  extinguishing  a  burning  taper  when  dipped  in  it,  and  by  forming  an 
opalescent  fluid  when  shaken  up  with  lime  water. 

4.  Bisrnuth  Test. — According  to  BOttger  no  other  body  present 
in  urine  except  sugar  reduces  the  bismuth  salt. 


SUGAR   IN   THE   URINE.  407 

Make  a  solution  of  carbontite  of  soda  (1  to  3  water) ;  mix  a  little 
of  this  and  the  urine  in  equal  volumes,  and  then  add  a  pinch  of  basic 
bismuthic  nitrate  ;  now  boil  for  a  few  minutes :  the  presence  of  sugar 
is  shown  by  the  bismuthic  salt  becoming  reduced  and  a  grayish  or 
blackish  deposit  or  coloration  produced  (see  p.  79). 

If  much  pigment  or  albumen  is  present  separate  the  latter  by 
acidifying  with  acetic  acid  and  boiling,  and  the  former  by  filtration 
through  animal  charcoal. 

5.  When  only  traces  of  sugar  are  present  Seegbn's  plan  of  re- 
peatedly filtering  the  urine  through  animal  charcoal  until  it  is  colorless, 
then  washing  the  charcoal  with  a  little  distilled  water,  and  testing  the 
washings  with  a  little  Fehling's  solution,  may  be  a^lopted  with  advantage. 

6.  In  case  of  doubt,  and  if  we  wish  positive  proof  of  the  presence 
of  sugar,  filter  the  urine  through  animal  charcoal  and  evaporate  to  a 
syrup;  digest  the  residue  with  alcohol  (82  per  cent.),  evaporate  the 
alcoholic  solution,  and  apply  Trommer's  test  to  the  residue  dissolved  in 
water.     Test  also  the  washings  of  the  charcoal  as  above. 

7.  Tarulce  are  developed  in  diabetic  urine,  the  yeast  fungus  and  the 
penicillium  glaucum.  A  white  scum,  due  to  these  bodies  and  highly 
characteristic  of  the  presence  of  sugar,  soon  accumulates  on  the  surface. 
They  generally  occur  as  minute  oval  vesicles  that  change  their  shape 
by  growing  and  developing  new  vesicles. 

8.  Clinical  Method  (Pratesi,  after  Horsley). — Dissolve  caustic 
potash  2'5  grams  in  60  grams  very  concentrated  liquid  potassic  silicate, 
and  then  add  2  grams  potassic  bichromate.  Preserve  this  solution  in  a 
well-stoppered  bottle.  Now  cut  a  piece  of  tin  into  strips  about  three 
inches  long  and  a  little  more  than  one-third  inch  wide.  With  a  glaas 
rod  place  a  drop  of  the  above  solution  on  the  endof  one  of  the  strips  of 
tin  and  dry  it  there  at  a  gentle  heat;  two,  three,  or  more  drops  are  also 
to  be  dried  at  the  same  spot.  To  test  for  sugar  one  of  these  prepared 
slips  is  to  be  taken  and  the  deposit  heated,  when  it  swells  up  and  takes 
a  canary-yellow  color.  Drops  of  the  urine  are  now  to  be  placed  over 
the  yellow  deposit  one  at  a  time,  heating  after  each  addition,  so  as  to 
evaporate  almost  to  complete  dryness.  If ^  sugar  is  present  and  in  a 
proportion  not  less  than  0*4  to  0*5  per  cent.,  a  green  coloration  shows 
itself,  owing  to  the  reduction  of  the  chromate  by  the  decomposition 
products  of  the  sugar. 

9.  Picric  Add  Test, — Add  to  the  urine  an  equal  volume  of  a  sat- 
urated watery  solution  of  picric  acid,  and  after  the  subsequent  addition 
of  a  little  caustic  potash  heat  gently,  when  a  marked  reddish  broton 
coloration  will  show  itself.  This  change  of  color  is  due  to  the  formation 
of  picramic  acid. 

By  means  of  this  color  test  Dr.  G.  Johnson  makes  a  quantitative  estima- 
tion of  the  sugar  present  in  a  diabetic  urine.  A  standard  of  comparison  is  first 
prepared  by  adding  to  a  long  test  tube  one  drachm  of  a  solution  of  grape  sugar 
containing  one  grain  to  the  fluidounce,  half  a  drachm  of  liquor  potassaB  (B.  P.), 
ten  drops  of  a  saturated  solution  of  picric  acid,  and  distilled  water  up  to  half 
an  ounce;  this  mixture  is  then  raised  to  boiling  point,  and  the  boiling  continued 
for  a  minute.  A  claret  red  color  is  developed,  and  its  depth  of  tint  indicates 
a  quarter  grain  of  sugar  to  the  fluidounce.     But,  as  the  tint  becomes  paler 
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after  a  few  hours,  it  is  advisable  to  imitate  it  by  adding  acetic  acid  to  a  solution 
of  ferric  chloride,  and  to  enclose  the  resulting  fluid  in  a  stoppered  bottle,  so  as 
to  serve  as  a  permanent  standard  of  comparison. 

The  process  consists  in  boiling  for  a  minute  a  mixture  of  a  drachm  of  the 
saccharine  urine,  half  a  drachm  of  liquor  potassse,  and  twenty  drops  of  a  satu- 
rated solution  of  picric  acid,  the  whole  being  made  up  to  half  an  ounce  with 
distilled  water.  According  to  the  amount  of  sugar  present  will  be  the  intensity 
of  color  produced.  Two  small,  vertically  arranged  tubes  are  now  to  be  placed 
in  a  good  light  on  white  paper;  into  one  of  them  is  poured  some  of  the  standard 
of  comparison,  and  into  the  other  the  more  or  less  diluted  colored  solution  ob- 
tained by  boiling  the  urine  as  above  with  the  picric  acid  and  potash.  The 
dilution  is  to  be  made  in  a  graduated  tube,  and  it  is  to  be  repeated  until  equal 
columns  of  the  diluted  solution  and  of  the  standard  of  comparison  exhibit  the 
same  tint  when  examined  vertically  in  a  good  light.  Afler  each  comparison 
the  colored  urine  must  be  returned  to  the  graduated  tube  in  which  the  dilution 
is  effected,  until  the  process  is  completed ;  and  from  the  amount  of  dilution  re- 
quired the  proportion  of  sugar  present  is  calculated. 

To  Separate  the  Sugar  from  the  Urine, — Evaporate  the  urine  to 
a  syrupy  consistence  and  let  it  stand  aside,  when  after  a  time  yellow, 
friable  masses  of  sugar  will  crystallize  out — a  process  that  may  be 
favored  by  treating  the  syrup  with  ether  and  then  letting  it  evaporate. 
Digest  the  residue  with  absolute  alcohol  to  remove  the  urea  and  extrac- 
tives, and  separate  any  sodic  chloride  present  by  dissolving  the  crystals 
of  sugar  in  water  and  precipitating  with  sulphate  of  silver ;  then  filter, 
evaporate,  and  digest  the  residue  with  spirit  to  dissolve  up  the  sugar. 

Quantitative  Estimation.  I.  By  Fehling's  Method. — See  p.  87. 

The  method  has  thus  been  modified  and  greatly  simplified  by  Dr.  Duhomme^ 
Two  small  pipettes,  graduated  to  deliver  1  and  2  c.c.  respectively,  are  required, 
as  well  as  two  or  three  test  tubes.  A  preliminary  experiment  is  first  required 
to  ascertain  the  number  of  drops  in  a  c.c.  of  the  urine  to  be  tested :  this  is 
readily  effected  by  drawing  up  a  c.c.  of  the  urine  into  the  graduated  pipette, 
and  then  allowin^^  it  to  escape  in  drops. 

2  c.c.  of  Fehling's  solution  are  diluted  in  a  test  tube  with  an  equal  volume 
of  liquor  sodfe  and  boiled.  Titration  is  next  performed  with  the  diluted  urine 
as  in  Fehling's  process.  The  number  of  drops  found  to  be  contained  in  1  c.c. 
of  the  urine  multiplied  by  ten,  and  the  product  divided  by  the  number  of  drops 
of  the  urine  required  in  the  titration,  equals  the  amount  of  glucose  per  litre  in 
grams. 

II.  By  Circular  Polarization. — Fill  the  two-decimetre  tube  of  the  polari- 
scope  with  the  filtercid  urine,  and  having  rendered  the  tint  alike  in  both  halves 
of  the  double  plate,  read  upon  the  scale  and  vernier  the  deviation  in  degrees. 
When  the  two-decimetre  tube  is  used  the  percentage  in  grams  is  obtained  bj 
dividing  the  number  of  degrees  by  2,  while  with  the  one-decimetre  tube  the 
number  of  dejrrees  represents  directly  the  percentage  of  sugar  in  the  urine. 
(For  full  details  of  the  process  see  p.  S3.) 

If  albumen  is  present  it  must  first  be  removed  by  adding  a  drop  or  two  of 
acetic  acid  and  boiling  some  time,  or  before  boiling  adding  an  equal  volume  of 
saturated  sodic  sulphate  solution  in  addition  to  the  acetic  acid;  the  filtrate  is 
ready  for  testing. 

The  estimations  by  circular  polarization  do  not  always  agree  with  those  ob- 
tained by  Fehling's  method,  which  is  due  probably  to  the  presence  of  other 
bodies  allied  to  suirar. 
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III.  Approximative  Estimation  from  the  Density  (Bouchardat). — 
Having  ascertained  the  presence  of  sugar,  determine  the  density  of  the  arine 
exactly  with  a  urinometer,  and  ascertain  how  much  is  passed  in  the  24  hours ; 
or  it  is  better  to  collect  the  whole  urine  passed  in  that  time,  and  take  the  den- 
sity of  this.  Suppose  the  total  amount  to  be  4  litres,  and  the  density  at  15^ 
=  1036.  An  approximation  to  the  amount  of  solids  in  urine  is  obtained  (see 
p.  329)  by  multiplying  36  by  2,  and  for  4  litres  this  would  be  36X2X4  =  288 
grams  solids ;  and  taking  50  grams  as  the  average  weight  of  solids  of  healthy 
urine,  288  —  50  =  238  grams  of  sugar  would  accordingly  be  present  in  the  4 
litres  passed  in  the  24  hours.  As,  however,  the  urea  as  well  as  some  of  the 
other  urinary  constituents  are  also  greatly  increased  in  diabetes,  this  estimation 
can  only  be  regarded  as  a  very  rough  approximation. 

If  in  the  determination  of  the  density  the  temperature  of  the  urine  is  above 
or  below  15*^  (for  which  temperature  the  urinometer  is  generally  graduated)  a 
correction  must  be  made  as  follows: — 

Subtract  from  the  degree  obtained.  Add  to  the  degree  obtained. 

Temp.  Temp. 

0°to5°        1-3  16° 0-2 

6°        1-2         ,         17° 0-4 

7°        11  18° 0-6 


8° 

9° 

10° 


1-3 

16° 

1-2 

17° 

11 

18° 

1-0 

19° 

09 

20° 

0-8 

21° 

0*7 

22° 

06 

23° 

0-4 

24° 

0-2 

25° 

0-8 
10 
1-2 


11°  0-7  ;  22° 1-4 

12°  06  I  23° 1-6 

13°  0-4  I  24° 1-9 

14°  0-2  25° 2-2 

This  method  serves  better  when  there  is  an  abundant  secretion  of  urine 
rather  than  when  it  is  comparatively  scanty. 

Pathology. — When  sugar  has  been  detected  with  certainty  in  the 
urine  the  next  important  step  is  to  ascertain  if  its  presence  there  is  only 
temporary  or  if  it  is  constant;  then  it  is  desirable  to  find  out  the  amount 
daily  excreted  and  also  the  quantity  of  fluid  discharged. 

Permanent  glycosuria  constitutes  diabetes  mellitus.  In  this  disease 
not  only  is  sugar  present  in  the  urine,  and  occasionally  in  the  sweat 
and  other  secretions,  but  there  is  generally  also  an  increased  discharge 
of  water,  urea,  and  phosphates,  the  fixed  salts  like  sodium  chloride  and 
the  like  being  generally  diminished,  while  less  carbonic  anhydride  is 
expired  and  less  oxygen  absorbed  than  in  health  (Voit).  While 
heredity  seems  to  be  a  prominent  factor,  mental  distress,  an  excessively 
saccharine  diet,  and  gout  appear  to  act  as  determining  causes.  In  many 
cases  where  the  quantity  of  urine  passed  is  small  there  is  abundant  per- 
spiration. A  diminution  in  the  amount  of  sugar  often  coincides  with 
an  increase  in  the  phosphates  and  oxalates.  The  albumen  sometimes 
present  in  the  urine  is  frequently  an  evidence  of  renal  disease  (Rayer), 
its  amount  often  having  been  observed  to  be  related  inversely  to  that  of 
the  sugar  (Schmitz).  The  muscular  weakness  that  is  often  present  is 
said  to  be  due  to  a  general  alteration  in  the  muscular  fibres,  extending 
even  to  the  cardiac  muscle.  Death  may  therefore  be  due  not  only  to 
diabetic  coma  and  acetonaemia,  but  also  to  cardiac  weakness. 

Tranmtory  glycosuria^  on  the  other  hand,  may  show  itself  in  the 
early  stages  of  tetanus,  cerebrospinal  meningitis,  cases  of  cerebral  apo- 
plexy, tumors  of  the  medulla  oblongata  and  of  the  pia  mater,  particularly 
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in  the  fourth  ventricle;  in  chronic  inflammatory  changes  in  the  calamus 
scriptorius,  carcinoma  of  the  pituitary  gland,  cerebral  softening  and 
atrophy  of  the  gray  substance;  in  myelitis,  general  paralysis,  and  some- 
times after  epileptic  fits  or  direct  injury  by  blows  or  shocks  to  the  brain 
and  sympathetic,  and  occasionally  after  over- work ;  in  some  heart  and 
lung  affections,  as  pneumonia  and  phthisis,  after  paroxysms  of  whoop- 
ing cough  and  spasmodic  asthma ;  occasionally  in  cirrhosis  of  the  liver, 
as  a  result  of  difierent  disturbances  of  the  abdominal  circulation,  and 
freqently  when  the  secretion  of  the  mammary  glands  is  hindered 
(Sinety)  ;  at  times  also  when  carbuncles  are  present,  and  in  the  urine 
of  pregnancy,  cholera,  intermittent  fever,  gout,  and  Bright's  disease. 

Artificud  Production  of  Diabetes. — The  appearance  of  sugar  in  the  urine 
can  be  brought  about  by  puncturing  the  medulla  oblongata  in  the  vasomotor 
area,  a  little  above  the  point  of  the  calamus  scriptorius  and  behind  the  corpora 
quadrigemina,  but  for  this  to  be  successful  the  olivary  fasciculi  should  be  injured 
(Bernard).  The  same  result  can  also  be  produced  by  puncturing  other  parts 
of  the  nerve  centres,  as  by  destroying  the  spinal  cord  at  the  origin  of  the  bra- 
chial nerves  and  opposite  the  second  dorsal  vertebra  (ScHiPP),  by  division  of 
the  sympathetic  in  the  thorax ;  also  by  impeding  the  respiration  (Pavy),  or 
injecting  different  bodies,  such  as  dilute  phosphoric  acid,  much  1  per  cent,  sodic 
chloride  solution,  inulin,  or  arterial  blood  (Pavy),  into  the  portal  vein. 

Most  of  the  injuries  that  are  followed  by  sugar  in  the  urine  appear  to  pro- 
duce hypersemia  of  the  liver.  Further,  sugar  may  appear  in  the  urine  aJler 
large  doses  of  strychnine,  morphia,  curara,  chloral,  amyl  nitrite,  spirits  of  tur- 
pentine (Alm^n),  deep  chloroform  or  ether  narcosis,  carbonic  oxide  poii5oning, 
subcutaneous  injection  of  nitrobenzol  or  nitrotoluol,  and  copious  ingestion  of 
lactic  acid.  In  arsenical  and  phosphorus  poisoning,  although  the  liver  becomes 
diseased  and  is  said  to  contiiin  no  glycogen,  yet  sugar  is  found  in  the  urine. 
Ligature  of  the  bile  duets  also  causes  the  glycogen  to  disappear  (Legg). 

Temporary  glycosuria  may  likewise  be  induced  by  an  alimentation  too  rich 
in  starch  and  sugar,  especially  after  long  abstinence ;  and  this  is  more  liable  to 
occur  with  a  diminished  alkalinity  of  the  blood  and  an  enfeebled  respiration; 
an  injection  of  concentrated  solution  of  sugar  of  milk  into  the  stomach  leads 
to  the  same  result. 

The  reducing  body  found  in  the  urine  in  all  these  cases,  however,  may  not 
always  be  sugar. 

The  different  cases  given  above  of  transitory  glycosuria  may,  from 
their  nature  and  results,  be  classified  into — 

1.  Temporary  or  incidenUd^  as  in  those  occurring  after  deep  chlo- 
roforin  narcosis,  after  excessive  ingestion  of  saccharine  and  amylaceous 
food,  in  asthma,  epilepsy,  and  in  the  convalescence  of  cholera,  etc. 

2.  More  or  less  permanent,  as  in  true  diabetes :  (a)  flow  of  urine 
increased,  with  abundance  of  sugar,  and  associated  with  thirst,  debility, 
emaciation,  etc. ;  (/>)  sugar  slight  or  considerable,  persistent  or  inter- 
mittent in  its  appearance,  but  without  any  serious  attendant  symptoms. 

Alkapton  and  j^J/^ocatechiii  are  occasionally,  but  rarely,  present  in  urine ; 
they  give  some  of  the  same  reactions  as  sugar,  but  they  do  not  reply  to  the 
bismuth  or  fermentation  tests.  Alkapton  is  obtained  by  precipitating  the 
urine  with  acetate  of  lead,  filtering,  precipitating  the  filtrate  with  basic  lead 
acetate,  and  collecting  the  precipitate;  this  precipitate  is  washed,  suspended  in 
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water,  and  decomposed  with  bydric  sulphide;  the  filtrate  is  evaporated  to  dry- 
ness and  extracted  with  ether.  It  is  a  golden  yellow,  resinous  body,  very  de- 
liquescent, and  soluble  in  water  and  spirit;  it  becomes  brown  when  exposed  to 
the  air,  and  the  urine  containing  it  may  produce  brown  stains  on  linen. 


CHAPTER  XXIII. 

BILIARY    URINE,      ' 

The  biliary  acids  being  generally  in  great  part  reabsorbed  and 
disposed  of  in  the  blood  under  normal  conditions,  most  probably  being 
chiefly  oxidized  to  the  state  of  carbonic  acid  and  water,  we  can  easily 
understand  that  obstruction  to  the  escape  of  the  bile  produces  a  greater 
effect  from  the  retention  of  the  pigments,  of  which  normally  so  much 
is  excreted  with  the  faeces,  than  from  the  retention  of  the  biliary  acids ; 
sa  that  we  may  only  expect  to  meet  with  them  when  there  is  a  hyper- 
secretion of  bile.  But  according  to  Dragendorff,  Nauyn,  and  Vogel 
the  biliary  acids  in  minute  proportion,  as  well  as  traces  of  the  pigments, 
are  normal  constituents  of  urine;  but  they  are  often  entirely  absent 
(HoppE  Seyler,  KClz). 

The  amount  of  biliary  acids  excreted  is  very  slight,  for  while 
Ranke  calculated  that  about  10  gi-ams  are  formed  in  the  24  hours,  not 
more  than  one-third  of  a  gram  has  been  found  in  the  urine  passed  in 
that  time  in  cases  of  jaundice.  Whether  or  not  the  biliary  pigments  are 
generally  present  is  doubtful,  but  they  are  certainly  occasionally  present 
in  the  urine  of  healthy  persons  in  summer  time  (Scherer);  in  jaundice 
they  are  a  common  constituent  of  the  urine,  while  in  intense  forms  of 
this  disease  they  may  be  present  in  all  the  fluids  of  the  body. 

Properties. — The  urine  is  of  a  yellowish  brown  to  a  greenish  tint, 
the  color  becoming  darker  on  exposure  to  the  air;  it  froths  readily,  and 
the  froth  is  of  a  characteristic  deep  yellow  color.  The  ingestion  of 
santonin  and  chrysophanic  acid  give  a  somewhat  similar  color  to  the 
urine. 

Tests.  A.  The  Biliary  Acids. — The  detection  of  the  biliary  acids 
is  much  more  diflScult  than  that  of  the  pigments ;  and  the  presence  of 
much  pigment,  of  oxidizing  substances,  or  of  albumen,  etc.,  interferes 
with  Pettenkofer's  reaction. 

•  

1.  Pettenkofer's  Test. — (a)  Shake  a  little  of  the  urine  with  a 
drop  of  syrup,  and  then  allow  the  sulphuric  acid  to  trickle  down  the 
side  of  the  inclined  test  tube.  Note  the  purple  band  at  the  upper 
margin  of  the  acid. 

The  sulphuric  acid  must  not  contain  sulphurous  acid,  and  the  tem- 
perature must  not  be  allowed  to  rise  much  above  38°  C. ;  albumen  also 
must  be  separated  if  present.  The  presence  of  different  essential  oils 
may  produce  the  same  coloration  (see  p.  182). 
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(b)  Dissolve  a  little  cane  sugar  in  the  urine  and  dip  into  it  a  piece 
of  filter  paper,  which  is  then  removed  and  left  to  dry.  A  drop  of 
strong  sulphuric  acid  is  added  to  this  by  means  of  a  glass  rod,  and  in 
a  quarter  of  a  minute  a  violet  red  spot  generally  shows  itself.  The 
method  is  delicate  (Strassburg). 

(c)  The  froth  test  may  also  be  applied  (Charles).     See  p.  178. 

2.  It  is  always  advisable,  in  case  of  doubt,  to  isolate  the  biliary 
acids  before  applying  the  test. 

(a)  HopPE  Seyler  thus  proceeds :  Precipitate  the  urine  with  acetate  of 
lead  and  a  little  ammonia,  wash  the  precipitate  on  a  filter  with  water,  and  then, 
having  boiled  it  with  alcohol,  filter  hot.  The  hot  alcohol  dissolves  the  lead 
salts  of  the  biliary  acids.  'This  hot  filtrate  is  treated  with  some  drops  of  car- 
bonate of  soda  solution  and  evaporated  to  dryness  over  a  water  bath :  the  resi- 
due is  extracted  with  boiling  absolute  alcohol ;  this  last  extract  is  to  be  collected 
in  a  closed  flask,  and  a  little  ether  added,  the  alcoholic  solution  being  first 
concentrated  to  a  small  volume  if  necessary.  A  resinous  preci])itate  soon  falls, 
which  may  become  crystalline  if  allowed  to  stand  long  enough  under  ether,  but 
a  solution  of  the  resinous  precipitate  serves  for  the  test. 

(b)  Another  plan  of  isolation  is  Salkowski's.  The  urine  is  first  evapo- 
rated and  the  residue  extracted  with  spirit,  the  spirituous  extract  diluted, 
and  the  precipitate  taken  up  again  with  absolute  alcohol.  By  diluting  the  la3t 
alcoholic  extract  a  precipitate  is  again  obtained,  which  is  to  be  dissolved  in 
water  and  treated  with  acetate  of  lead  and  a  little  ammonia,  as  in  Hoppe 
Seyler's  process. 

(c)  Evaporate  the  urine,  treat  the  residue  with  alcohol,  and  evaporate  the 
alcoholic  filtrate.  A  few  drops  of  wat<ir  are  then  rubbed  up  with  the  dried 
extract,  and  a  solution  of  sugar  in  water  ( 1  in  3)  mixed  with  it.  Strong  sul- 
phuric acid  is  next  added  drop  by  drop,  and  a  purple  color  will  soon  appear, 
which,  however,  fjuickly  fades.  Too  much  water  and  a  temperature  above  6H° 
interfere  with  the  reaction. 

(d)  Hoppe's  Method. — Treat  the  Husi)ected  urine  with  excess  of  milk  of 
lime  and  boil  for  half  an  hour  or  so;  filter,  evaporate  the  filtrate  nearly  to  dry- 
ness, add  excess  of  hydrochloric  acid,  and  boil  for  another  half-hour,  addinir 
fresh  acid  from  time  to  time.  Dilute  when  quite  cold  with  five  to  six  times 
its  volume  of  water,  filter,  and  wash  the  resinous  mass  obtained,  which  is  then 
to  be  dissolved  in  a})solute  alcohol,  treated  with  animal  charcoal,  again  filterini. 
and  the  filtrate*  evaporated  to  dryness.  Choloidic  acid^  a  derivatiye  of  the 
biliary  acids  through  cholic  or  cholalic  acid,  is  thus  obtained.  It  is  dissolved 
in  :i  little  caustic  soda  and  warm  water,  a  drop  or  two  of  syrup  added,  and  a 
few  drops  of  sulphuric  acid  allowed  to  trickle  slowly  into  the  mixture;  a  dark 
violet  color  is  produced. 

B.  The  BiUan/  Pigments. — The  urine  must  not  be  allowed  to  de- 
compose before  the  examination  for  pigments  is  made;  otherwise 
hydrobilirubin  may  have  replaced  the  bilirubin  or  biliverdi-n. 

1.  Gmelin's  Test,  which  depends  on  the  play  of  colors  produced 
by  the  oxidation  of  the  pigment  by  means  of  nitric  acid,  cjin  be  per- 
formed after  manv  methods. 

(a)  That  commonly  employed  is  to  spread  a  few  droi)S  of  the  urine  on  a 
white  plate,  and  then  to  bring  a  drop  or  two  of  yellow  nitric  acid  in  contact 
with  the  margin  of  the  thin  layer  of  urine  or  into  its  middle:  the  play  of  colore 
that  appears  at  the  point  of  (contact  commences  with  green  and  ends  with  red 
and  yellow. 
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The  nitric  acid  should  contain  a  little  nitrous  acid,  which  is  easily  effected 
by  heating  it  with  a  piece  of  stick  or  a  fragment  of  sugar;  but  too  much 
nitrous  acid  is  to  be  avoided. 

(b )  Pour  some  strong  yellow  nitric  acid  into  a  test  tube,  and  let  the  urine 
trickle  down  the  side  of  the  tube  upon  it ;  a  green  band  first  appears  at  the 
point  of  contact  of  the  two  fluids,  which  extends  higher  and  higher,  and  is 
succeeded  inferiorly  by  a  blue,  a  reddish  violet,  and  a  yellow  layer,  and  of  these 
the  green  and  the  red  are  most  characteristic  (Kuhne). 

(o)  After  filtering  the  urine  pour  the  nitric  acid  over  the  inner  side  of  the 
filter;  the  play  of  colors  is  well  marked.  If  the  filter  is  allowed  to  dry  the 
reaction  succeeds  better.  Merely  dipping  the  filter  paper  in  the  urine  produces 
less  intensity  of  color  (Rosenbach). 

(d)  Mix  the  urine  with  very  dilute  nitric  acid,  and  then  let  strong  sul- 
phuric acid  run  down  the  side  of  the  test  tube :  the  colored  rings  spread  from 
the  upper  surface  (BrUcke). 

(c)  Add  a  little  albumen  to  the  urine  before  the  nitric  acid :  the  albumen 
is  precipitated  of  a  dull  green  or  bluish  color  (Heller). 

(/)  Tested  with  an  alcoholic  solution  of  bromine  (5  per  cent.)  and  with 
aqueous  chloric  and  iodic  acids  (20  per  cent.),  three  stages  of  coloration  are 
obtained — green,  blue,  and  violet — after  which  there  ensues  a  change  of  color 
to  reddish,  yellow,  and  finally  decoloration. 

Faliaciea  of  Gmelin*s  Test — The  presence  of  alcohol  and  indican 
may  give  inj^ications  that  are  liable  to  be  mistaken  for  those  of  bile, 
but  note  that  with  indican  only  red  and  violet  zones  will  show  them- 
selves, while  with  bile  pigment,  unless  the  solution  is  very  dilute,  the 
zones  are  all  present  in  the  order  already  given,  green  appearing  first. 
To  avoid  any  difiiculty  from  indican  add  to  a  little  of  the  urine  some 
drops  of  a  solution  of  potassic  nitrate  and  a  few  drops  of  sulphuric 
acid :  a  beautiful  green  color  is  produced  by  traces  of  bile ;  but  the 
color  rapidly  disappears,  becoming  yellow. 

2.  If  a  solution  of  violet  of  methylanilin  is  poured  into  normal 
urine,  a  blue  ring  will  be  formed  at  the  surface  of  the  liquid,  but  if 
the  urine  is  icteric  the  ring  is  of  an  intense  carmine  color.  This  only 
occurs  with  icteric  urine,  and  not  with  normal  urine  to  which  bile  has 
been  added,  nor  with  urine  containing  other  coloring  principles  (Paul). 

3.  Sometimes  bile  pigment  may  be  present  in  urine  and  yet  not 
give  the  color  reaction ;  this  is  more  frequently  the  case  with  the  urine 
of  patients  whose  temperature  has  continued  high  for  some  time 
(Prussak).  In  such  urines  we  therefore  require  to  separate  the  pig- 
ments before  testing.  This  may  be  effected  by  one  of  the  following 
processes,  to  one  of  which  in  cases  of  doubt  it  is  advisable  to  have 
recourse,  as  by  doing  so  we  avoid  any  mistake  from  the  presence  of 
methsemoglobin,  urobilin,  or  indican,  etc. : — 

(a)  Precipitate  the  urine  with  milk  of  lime  and  transfer  a  piece  of  the 
precipitate,  the  size  of  half  a  hazel  nut,  to  a  test  glass ;  wash  it  here  several 
times  with  water  to  remove  any  indican  that  may  be  present;  then  half  fill 
the  tube  with  absolute  alcohol  and  render  distinctly  acid  with  dilute  sulphuric 
acid.  It  is  next  warmed  and  filtered,  and  on  boiling  the  filtrate  the  biliary 
pigment  will  show  itself  by  the  appearance  of  a  dark  green  to  a  blue  coloration, 
though  in  some  cases  it  remains  yellow  or  greenish  yellow  [here  choletelin 
only  may  be  present  (Heynsius),  so  we  must  acidify  with  hydrochloric  acid 
and  examine  spectroscopically.]     The  bilirubin  is  precipitated  by  the  lime. 
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from  which  combiDation  it  is  liberated  by  the  sulpharic  acid,  and  is  then  dis- 
solved up  by  the  acidulated  alcohol  (Huppkrt). 

(6)  HopPE  Seyler  precipitates  with  milk  of  lime  as  above,  but  to  effect 
complete  precipitation  he  passes  a  current  of  carbonic  acid  through  the  liquid. 
The  precipitate  is  let  stand  several  hours,  then  collected  on  a  filter  and  shaken 
up  in  some  water  to  which  chloroform  and  acetic  acid  have  been  added.  The 
chloroform  solution  is  either  yellow  or  green,  according  to  the  excess  of  bili- 
rubin or  of  biliverdin,  and  to  it  Gmelin's  test  can  be  applied. 

(c)  Salkowski  proceeds  thus :  Render  the  urine  alkaline  ^ith  a  little 
sodic  carbonate,  and  add  calcium  chloride  solution  drop  by  drop  and  with 
repeated  shaking  until  the  supernatant  liquid  is  of  the  color  of  normal  urine. 
Collect  the  gelatinous  precipitate,  wash  it  well,  and  having  transferred  it  to  a 
small  flask,  cover  it  with  alcohol,  and  dissolve  it  by  shaking  well  with  a  little 
hydrochloric  acid.  On  boiling  the  clear  solution  it  will  become  of  a  green  to 
a  blue  color,  changing  to  a  violet  or  red  on  the  addition  of  nitric  acid. 

(^d)  The  pigments  may  be  precipitated  with  basic  lead  acetate,  the  pre- 
cipitate decomposed  with  hydric  sulphide,  then  washed  with  water,  and  the 
pigments  finally  extracted  with  chloroform. 

(e)  An  easy  method,  which  succeeds  often  when  the  urine  gives  no  evident 
reaction  of  biliary  pigment,  is  to  place  the  urine  in  a  freezing  mixture  for  some 
time  until  the  urates  have  separated,  then  to  collect  these  on  a  filter  and  dissolve 
them  in  hot  water;  this  solution  will  give  the  characteristic  pigment  reaction. 

(/)  Acidify  a  large  quantity  of  the  urine  with  a  little  acetic  acid,  and 
then  shake  it  up  well  with  chloroform  added  a  little  at  a  time ;  allow  the  urine 
to  stand  and  decant  the  supernatant  chloroform,  which  can  be  used  to  extract 
fresh  quantities  of  urine  until  it  is  well  colored.  The  chloroform  is  next  thrown 
on  a  filter  and  washed  with  water;  it  passes  through,  and  even  with  traces  of 
bilirubin  presents  a  yellow  color.  Test  portions  of  this  chloroform  extract  as 
follows : — 

(1)  By  shaking  with  carbonate  of  soda  wc  obtain  an  alkaline  solution  of 
the  pigment,  to  which  the  ordinary  nitric  acid  test  may  be  applied,  or  the 
chloroform  solution  may  be  tested  directly. 

(2)  Dilute  the  chloroform  solution  or  evaporate  a  little  on  a  slide,  and  bili- 
rubin will  be  obtained  in  microscopic  crystals.  The  color  reaction  can  also  be 
well  seen  under  the  microscope  by  treating  the  crystalline  residue  with  nitric  acid. 

(3)  Carefully  pour  a  few  drops  of  yellow  nitric  acid  over  a  little  of  the 
chloroform  extract  in  a  test  glass:  the  play  of  colors  is  seen. 

(4)  Treat  with  ozonized  spirits  of  turpentine  or  with  a  trace  of  watery 
solution  of  iodine  in  potassic  iodide:  a  green  color  appears. 

(5)  Shake  a  little  some  time  with  caustic  potash,  and  a  greenish  solution 
of  biliverdin  is  obtained. 

f  ())  The  addition  of  a  strong  sulphuric  acid  gives  a  green  coloration. 

(7 )  Treat  a  little  with  bromine  water,  and  a  series  of  colored  rings  will  be 
formed. 

(fjf)  By  shaking  the  urine  with  ether  the  latter  is  colored  yellow.  Pour 
this  ether  into  a  test  tube  and  hold  it  over  the  mouth  of  a  flask  filled  with 
strong  bromine  water:  the  ether  will  gradually  assume  a  blue  color. 

Pathology. — The  presence  of  the  hiliary  acids  in  urine  has  been 
denied  by  several  cheraists,  but  IIoppe  Seyler  has  found  them  in 
more  than  30  eases  of  jaundice,  a  fact  which  has  so  frequently  been 
substantiated  since  that  we  may  look  on  it  as  proved.  But  undoubtedly 
to  obtain  characteristic  evidence  of  their  presence  in  urine  they  must 
first  be  separated.  These  biliary  acids  arp  present  and  increased  in 
some  cases  of  jaundice  and  acute  atrophy  of  the  liver,  and  occasionally 
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in  pneumonia;  but  their  presence  or  absence  is  not  of  so  great  im- 
portance as  some  authors  (Harley,  etc.)  have  supposed,  although  their 
presence  may  at  least  indicate  an  accumulation  of  them  in  the  blood, 
and  consequently,  if  excessive,  a  tendency  to  paralysis  of  the  nerves, 
particularly  those  of  the  heart  (Ritter,  etc.) 

The  biliary  pigments  in  excess  will  accompany  the  biliary  acids 
after  obstruction  of  the  bile  ducts,  and  especially  when  the  jaundice 
coincides  with  acute  inflammation  or  atrophy  of  the  liver;  in  certain 
disturbed  states  of  nutrition  also,  as  in  starvation,  diabetes,  and  after 
phosphorus  poisoning  and  snake-bite,  both  bodies  may  present  them- 
selves in  the  urine,  but  with  the  pigments  biliverdin  and  biliprasin 
generally  predominating  (Vogel). 

If  the  liver  is  at  all  inactive  in  its  functions,  from  disease  or  other- 
wise, it  can  easily  be  seen  that  an  accumulation  of  pigment  is  likely  to 
occur.  This  retention  of  pigment  is  often  to  be  seen  in  degenerative 
changes  of  the  liver  and  weakening  of  its  blood  stream ;  as  the  result 
of  the  ingestion  of  ether,  chloroform,  or  arseniuretted  hydrogen ;  also 
in  severe  infective  diseases,  as  in  typhus,  malaria,  pyaemia,  septic 
poisonings,  and  multiple  abscess  of  the  liver. 

The  different  forms  of  jaundice  may  be  classified  according  to  their 
origin  into  absorption^  aspiratiouy  and  suppression  icterus,  together 
with  what  has  been  called  blood  icterus. 

1.  By  a  closure  of  the  bile  ducts  the  bile  accumulates,  followed  by  its  re- 
absorption  (absorption  icterus).  This  may  occur  in  catarrhal  jaundice,  car- 
cinoma of  the  liver,  nutmeg  and  syphilitic  liver,  cirrhosis  of  the  liver,  closure 
of  the  ducts  by  calculi,  etc. 

2.  In  other  cases  a  sinking  of  the  blood  pressure  in  the  liver  leads  to  the 
same  result  {aspiration  icterus) j  as  in  pylephlebitis  and  icterus  neonatorum. 
The  reabsorption  may  arise  either  from  diminished  pressure  in  the  blood  vessels^ 
as  in  this  form  of  jaundice,  or  from  increased  pressure  in  the  bile  ducts^  as  in 
jaundice  from  absorption. 

3.  The  term  suppression  icterus  is  applied  to  the  jaundice  due  to  the  cessa- 
tion in  the  production  of  the  biliary  constituents  in  the  liver  and  their  accu- 
mulation in  the  blood  through  a  deficient  excretion. 

4.  In  the  form  of  jaundice  to  which  Virchow  has  applied  the  term  blood 
icterus  there  appears  to  be  an  increased  decomposition  of  the  corpuscles  and  a 
liberation  of  haemoglobin,  which  forms  the  source  of  a  greatly  increased  pro- 
duction of  bilirubin.  From  hasmoglobin  is  derived  the  haematoidin  of  old 
extravasations,  and  this  latter  body  is  regarded  as  identical  with  bilirubin 
(Japf:^,  Heidenhain).  A  solution  of  hajmoglobin  injected  into  the  blood 
causes  jaundice  and  a  separation  of  biliary  pigment  in  the  urine.  Injection 
also  of  bodies  that  tend  to  dissolve  the  corpuscles,  such  as  water,  ether,  chloro- 
form, and  biliary  acids  effects  the  same  thing. 


CHAPTER  XXIV. 

MUCUS  AND  PUS;  CHYLURIA. 

Mucus  in  small  quantity  is  a  common  constituent  of  the  normal 
urine,  forming  a  faint,  flocaulent,  transparent  cloud  that  deposits  after 
a  time. 
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Vesical  mucus  is  semitransparent  and  rich  in  corpuscles  and  epi- 
thelium, and,  if  the  urine  is  alkaline,  also  in  oxalate  of  lime  and  triple 
phosphate  crystals.  It  is  frequently  found  in  urinary  sediment  and 
must  not  be  confounded  with  albumen ;  nor  must  the  long  cylinders  or 
filaments  of  mucus  that  are  often  to  be  met  with  be  mistaken  for 
urinary  casts. 

HTTCTTS  is  precipitated  by  the  mineral  acids,  but  it  is  soluble  in  ex- 
cess. It  differs  from  pus  in  not  being  precipitated  by  neutral  acetate 
of  lead,  which  precipitates  the  pyin  of  pus. 

To  detect  it  in  urine  treat  a  portion  of  that  fluid  with  twice  its  vol- 
ume of  alcohol  (95  per  cent.),  filter  off  the  precipitate,  and  wash  it  in 
water.  The  urine  is  also  rendered  slightly  cloudy  by  the  addition  of 
acetic  acid,  in  which  mucin  is  not  soluble.  A  simple  filtration  of  urine 
will  not  remove  all  the  mucus,  as  mucin,  it  should  be  remembered,  is 
soluble  in  a  large  quantity  of  water  as  well  as  in  a  slight  excess  of  the 
mineral  acids. 

To  determine  its  amount  dilute  the  urine  (about  300  grams)  with 
twice  its  volume  of  water  and  acidify  strongly  with  acetic  acid ;  then 
cool  to  5^  or  6°,  filter,  and  wash  tne  precipitate  with  a  little  dilute 
acetic  acid.  It  can  thus  be  separated  from  albumen ;  but  if  any  pus  or 
blood  is  present  redissolve  the  precipitate  in  water  slightly  acidulated 
with  hydrochloric  acid,  and  saturate  the  solution  exactly  with  caustic 
soda ;  then  reprecipitate  the  mucin  by  adding  a  few  drops  of  acetic  acid, 
and  weigh  it  on  a  tared  filter  after  it  has  been  washed  with  alcohol  and 
ether  and  dried. 

Tlie  thick  glairy  deposit  occasionally  formed  by  pus  must  not  be 
mistaken  for  mucus.  In  the  former  case  the  urine  is  alkaline  and 
crystals  of  triple  phosphate  are  present.  Mucus  is  specially  abundant 
in  catarrh  or  inflammation  of  the  bladder  or  urethra ;  numerous  imper- 
fectly formed  mucus  cells  are  then  present  with  much  epithelium. 

PUS  may  show  itself  in  the  urine  in  very  small  amount  or  as  a 
bulky  deposit  resembling  urates.  The  urine  containing  it  is  generally 
turbid  when  voided,  and  it  soon  deposits  a  dense  yellowish  white  sedi- 
ment. Some  time  after  the  urine  has  been  passed  the  pus  often  assumes 
a  slimy,  ropy,  viscid,  and  tenacious  character,  swelling  out  against  the 
sides  of  the  vessel,  and  capable  of  being  drawn  out  into  long  tough 
strings.  This  ropiness  is  generally  due  to  the  action  upon  it  of  ammo- 
nia developed  by  the  decomposition  of  urea.  The  same  thing  can  also 
be  effected  by  the  addition  of  caustic  potash.  This  reagent  serves  at 
the  same  time  to  distinguish  it  from  pale  urates,  which  are  thus  dissolved. 

Whcji  examined  under  the  microscope  the  corpuscles  appear  as 
little  granular  globules,  varying  somewhat  in  appearance  with  the 
reaction  of  the  urine  ;  they  are  cleared  up  ])y  dilute  acetic  acid,  a  folded 
or  cleft  tripartite  nucleolated  nucleus  coming  into  view  at  the  same 
time.  Blood  corpuscles  and  triple  phosphate  crystals  may  also  be 
present,  and  croupous  shreds,  especially  after  irritant  diuretics. 

Source  of  the  Pus. — Pus  may  appear  in  the  urine  in  renal  embo- 
lism, renal  abscesses,  suppuration  of  the  pelvis  of  the  kidney,  discharge 
of  pus  from  pelvic,  perinephritic,  and  other  abscesses,  inflammation  or 
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cancer  of  the  bladder,  and  suppuration  of  the  prostate  or  urethra.     In 
women  the  pus  may  have  a  vaginal  origin  and  be  due  to  leucorrhoea. 

The  character  of  the  admixed  cells  should  be  carefully  ascertained, 
and  the  way  in  which  the  pus  comes  away  should  be  noted — whether 
more  abundant  at  the  beginning  of  the  act  of  micturition,  as  in  urethral 
disease,  or  towards  the  end,  as  in  cystic  disease.  When  the  pus  comes 
from  the  kidney  the  urine  is  generally  acid  when  passed,  but  when  it  is 
derived  from  the  bladder  the  reaction  is  usually  ammoniacal,  especially 
if  the  suppuration  is  of  old  standing.  In  vesical  pus  too  blood,  if 
present,  is  mixed  up  with  the  mucus  and  pus,  while  in  renal  suppuration 
the  blood  lies  usually  on  the  top  of  the  pus. 

Albumen  can  always  be  detected  in  the  urine  if  mu3h  pus  is  present,  as  by 
boiling,  precipitation  with  mercuric  chloride,  acetic  acid  and  potassic  ferrocy- 
anide,  but  generally  only  a  haziness  on  the  addition  of  nitric  acid.  It  is  there- 
fore sometiipes  a  matter  of  difficulty  to  decide  as  to  its  origin,  for  albumen  may 
be  present  also  as  a  result  of  kidney  disease.  The  diagnosis  must  here  depend 
on  the  amount  of  the  albumen  relative  to  the  quantity  of  pus,  on  the  presence 
of  casts,  calculi,  crystalline  deposits,  etc. 

CHYLTIEIA. — In  this  condition  a  milky  and  fat-holding  urine  is 
excreted.  The  quantity  and  specific  gravity  of  the  urine  remain  about 
normal,  the  color,  however,  being  milky  white  to  yellowish  red,  the 
reaction  neutral  or  weakly  acid,  but  easily  becoming  alkaline ;  on  stand- 
ing a  white  layer  may  accumulate  on  the  surface,  or  a  coagulum  may 
show  itself.  The  white  supernatant  layer  consists  of  very  finely  divided 
fatty  particles,  as  can  be  shown  with  ether  and  acetic  acid ;  and  in  the 
sediment  a  few  lymph  cells  or  blood  corpuscles  may  be  met  with.  The 
presence  of  fine  embryonic  worms  {Jilaria  sanguinis)  was  discovered  by 
Lewis  not  only  in  the  urine,  but  also  in  the  blood  and  the  tissue  of  the 
kidney.  Some  have  maintained  the  existence  of  abnormal  communica- 
tions between  the  lymphatic  vessels  and  the  urinary  passages.  The 
blood  has  also  been  seen  to  be  very  rich  in  fine  free  molecules  (Scriba), 
which  are  said  to  find  a  passage  through  the  membrane  of  the  glomerulus. 

Very  characteristic  is  the  alteration  often  presented  by  the  urine, 
the  chylous  aspect  occasionally  disappearing  and  reappearing  very 
rapidly. 

In  addition  to  the  ordinary  urinary  constituents,  fat,  lecithin,  cholesteriu, 
and  albumen  have  been  obtained  in  chylous  urine.  The  fat  is  generally  under 
1  per  cent.,  though  more  may  be  present.  Different  observers  have  also 
detected  the  presence  of  small  quantities  of  glycerophosphoric  acid,  peptone, 
sugar,  phenol,  and  indican  in  different  specimens.  Fat  and  fatty  matters,  it 
j^y  be  said,  are  extremely  rare  in  the  urine ;  but,  in  addition  to  chyluria,  an 
admixture  of  a  large  quantity  of  pus  with  the  urine  may  lead  to  their  presence  ; 
fat  is  also  occasiopAlly  present  in  fatty  degeneration  of  the  kidney  and  in  acute 
phosphorus  poisoning;  but  rarely  in  fatty  degeneration  of  the  epithelial  cells  of 
the  urinary  passages. 

To  separate  fatty  bodies  from  urine  a  large  quantity  of  this  fluid  is  treated 
with  ether,  with  which  it  is  well  shaken,  then  rendered  alkaline  with  caustic 
soda,  and  again  shaken  up  with  more  ether ;  this  ethereal  extract  Is  distilled 
and  the  residue  taken  up  in  pure  ether.  The  amount  may  be  determined  in 
this  way  by  weighing  the  residue  of  the  last  ethereal  extract. 

27 
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The  presence  of  cholesterin  in  this  residue  may  easily  be  recognized  by 
shaking  it  up  with  an  alcoholic  solution  of  caustic  potash  and  then  with  ether, 
which  latter  dissolves  the  cholesterin  and  only  a  little  of  the  soap  formed.  By 
evaporating  the  last  extract  we  obtain  the  characteristic  thin  rhombic  tables, 
to  which  the  tests  for  cholesterin  can  be  applied. 


CHAPTER  XXV. 

ADDITIONAL  ABNORMAL  CONSTITUENTS. 

Excretion  by  the  Kidneys  of. many  Organic  and  Inorganic  Substances, 

AND  THE  Mode  of  Detecting  some  of  Them. 

ft 
A  sulphocyanide  is  said  to  be  present  in  the  urine  ctf  smokers. 
Sulphuretted  hydrogen  has  been  noticed  in  cases  of  tuberculosis,  variola, 
cancer,  and  enlargement  of  the  bladder.  Lactic  acid  has  been  met 
with  in  acute  atrophy  of  the  liver,  and  in  leukaemia,  rickets,  osteoma- 
lacia, and  trichinosis ;  sarcola<:tic  acid  in  acute  phosphorus  poisoning. 
Such  fatty  acids  as  formic,  propionic,  and  butyric  have  likewise  been 
observed. 

A  great  many  bodies  when  taken  are  excreted  by  the  kidneys  almost 
unaltered,  while  others  may  be  only  slightly  changed. 

I.  Inorganic  Substances. 

1.  The  neutral  alkali  salts,  as  the  chlorides,  bromides,  and  iodides, 
appear  unaltered  in  the  urine. 

2.  The  alkaline  carbonates  diminish  the  acidity  of  the  urine,  or 
render  it  alkaline.  The  carbonate  of  ammonia  appears  as  urea,  and  does 
not  influence  the  reaction.  Salts  of  ca^sinm^  rubidium^  lithium,  etc., 
also  apj)ear  quickly  in  the  urine ;  likewise  potassic  ferrocyanide. 

•■^.  The  alkaline  earths  are  discharged  in  the  urine  only  in  small 
proj)ortion. 

4.  Salts  of  the  heavy  inetals,  as  of  lead,  copper,  mercury,  antimony, 
and  iron,  and  arscnious  and  arsenic  acids  pass  into  the  urine  only  in  small 
amount.  The  excretion  of  lead  salts  is  favored  by  the  administration 
of  potassic  iodide.  Prolonge<l  use  of  salts  of  silver  leads  to  a  deposition 
of  the  metal  in  the  glomeruli  of  the  kidney,  as  well  as  in  the  rete  Mal- 
j)ighii  of  the  skin. 

0.  The  acids  appear  as  neutral  salts. 

6.   Iodine  aj)pears  as  iodide,  sulphur  as  a  sulphate. 

II.  Organic  Substances. 

1.  Ab'ohoK  unless  ingested  in  large  amount,  is  generally  completely 
oxidized,  only  traces  a])pearing  in  the  urine  (IIeubacii,  Bixz). 

2.  After  long  administration  of  chloroform  the  urine  becomes  jmds- 
sessod  of  strong  reducing  j)roperties,  and  urochloralic  acid  is  found  in 
it.  The  sodium  salt  of  this  latter  body  crystallizes  best,  and  has  the 
formula  (VlIi^Cl3NaO-:  this  acid  appears  to  be  a  homologue  of  Jaffe's 
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uronitrotoluic  acid.     Chloral  also  appears  as  urochloralic  acid,  the  urine 
reducing  sugar  and  polarizing  to-  the  left. 

3.  The  organic  acids  are  generally  oxidized,  and  their  alkaline 
salts  render  the  urine  alkaline;  but  gallic,  pyrogallic,  picric,  and  hip- 
puric  acids  are  very  slightly  changed;  tannic  appears  as  gallic  acid, 
benzoic  as  hippuric. 

4.  The  amido-acids  go  in  part  to  form  urea. 

5.  Uric  a<nd  appears  as  allantoin  and  urea,  or  as  carbonic  anhy- 
dride, oxalic  acid,  and  urea. 

6.  The  different  vegetable  pigments^  and  the  odorous  principles  of 
valerian,  assafoetida,  castor,  saffron,  and  turpentine  appear  in  the  urine. 

7.  The  alkaloids,  as  quinine,  motphia,  strychnia,  etc.,  pass  over  in 
great  part  unoxidized  into  the  urine. 

8.  Of  aromatic  bodies  such  as  the  benzols  and  the  like,  some  un- 
dergo simple  oxidation,  others  reduction,  and  others  again  effect  combi- 
nations with  glycocin  in  the  organism.  Benzol  appears  as  phenol  and 
phenol  sulphuric  acid ;  carbolic  amd  as  phenol  sulphate,  hydrochinon, 
and  brenzcatechin.  When  phenol  in  any  form  is  administered  to  a 
patient  internally  the  whole  amount  may  appear  in  the  urine,  sometimes 
causing  it  to  assume  a  greenish  brown  color,  especially  in  cases  of  poi- 
soning; the  color,  however,  is  not  proportional  to  the  phenol  present. 
An  absorption  of  phenol  takes  place  when  applied  to  the  uncut  skin  as 
well  as  after  operations,  a  precipitate  of  coagulated  albumen  sometimes 
separating  in  the  latter  cases  on  distilling  the  urine.  In  passing  through 
the  organism  it  is  capable  of  combining  with  sulphuric  acid,  forming 
an  ethereal  sulphate,  which  is  afterwards  eliminated  by  the  urine  as  a 
potassic  or  sodic  salt.  In  the  urine,  especially  of  herbivora,  it  is  con- 
stantly present,  and  it  is  possible  that  it  has  its  source  here  in  the  de- 
composition of  ty rosin. 

Glycocin^  leucin  and  sarcosin  appear  as  urea;  indol  as  indican; 
kreatin  as  kreatinin ;  and  thein^  theobromiyi^  alloxantin,  and  allantoin 
as  urea.  Most  of  these  changes  are  analytical  as  well  as  synthetical, 
water  being  eliminated,  and  the  requisite  oxygen  supplied  from  the 
blood.  Blood  containing  hippuric  acid  passed  through  a  pig*s  or  dog's 
kidney,  when  the  renal  artery  is  tied,  gives  rise  to  benzoic  acid,  the 
change  being  due  to  a  soluble  ferment  or  ''histozym"  and  not  to  the 
action  of  bacteria  (Schmiedeberq). 

Methods  for  Detecting  some  of  these  Heterogeneous  Elements 

(after  Salkowski,  etc.) 

Potassic  Iodide. — Add  some  9rops  of  fuming  nitric  acid,  then  a  few  c.c. 
of  chloroform,  and  shake  well :  the  iodine  is  liberated  and  gives  to  the  chloro- 
form a  violet  tint. 

Potassic  Bromide. — If  much  is  present,  on  heating  the  urine  as  in  the 
case  of  the  iodide,  the  chloroform  will  attain  a  yellow  color. 

Lithia. — Evaporate  the  urine  to  dryness  and  incinerate  the  residue  on  a 
platinum  crucible;  treat  this  with  water  and  a  drop  or  two  of  hydrochloric 
acid,  and  evaporate  the  extract  obtained ;  this  last  residue  is  to  be  exhausted 
with  strong  alcohol,  this  diluted,  and  a  clean  platinum  wire  inserted  in  it  and 
then  placed  in  the  colorless  flame  of  a  Bunsen  lamp ;  a  purple  red  color  will  be. 
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given  to  the  flame,  and  on  spectroscopic  eitamination  a  carmine  red  line  will  be 
seen  at  b  and  a  second  between  c  and  D. 

Chloroform  (CHCI,). — Draw  a  stream  of  air  through  the  moderately 
warmed  urine,  and  then  through  a  red-hot  porcelain  tube  filled  with  fragments 
of  porcelain,  and  finally  through  a  set  of  Liebig's  potash  bulbs  containing  sil- 
ver nitrate  solution  acidified  with  nitric  acid.  The  chloroform  is  decomposed, 
and  the  hydrochloric  acid  gas  generated  is  precipitated  by  the  silver  solution. 

When  the  freshly-passed  urine  is  boiled  with  an  alcohoUc  potash  solution 
and  anilin  a  penetrating  and  characteristic  smell  is  evolved : 

CHCI3  +  3KH0  +  CeHj.NH,  =  3H,0  +  3KC1  +  C,H,NC. 

Chloroform  may  also  be  detected  by  proceeding  as  in  the  next  paragraph. 

Iodoform  (CHI3). — Distil  the  urine  with  steam  until  50  c.c.  have  passed 
over ;  then  mix  the  distillate  with  a  little  potash  lye  and  shake  it  with  ether 
in  a  tap  funnel ;  the  ethereal  solution  is  evaporated  to  dryness,  the  residue 
treated  with  absolute  alcohol,  and  the  alcoholic  solution  tested  by  pouring  it 
into  a  short  test  tube  in  the  bottom  of  which  is  a  very  Uttle  alkali  phenate; 
cautiously  heat  the  mixture  over  a  small  flame,  and  in  a  few  seconds  a  red  de- 
posit appears  that  dissolves  with  a  crimson  color  in  a  few  drops  of  dilute  alcohol. 

Phenol  (CjHgO). — Acidulate  the  urine  with  sulphuric  acid  and  distil ;  test 
the  distillate  with  ferric  chloride,  which  gives  a  blue  color,  or  with  bromine 
water,  which  gives  a  white  crystalline  precipitate  of  tribromophenol. 

Salicylic  Acid  (C^HgOg) — Shake  about  30  c.c.  of  urine,  that  has  been 
acidified  with  sulphuric  acid,  with  an  equal  volume  of  ether ;  then  decant  the 
ether  and  treat  it  with  a  little  ferric  chloride,  when  a  violet  color  appears.  If 
much  salicylic  acid  is  present,  the  blue  color  may  be  obtained  by  testing  the 
urine  directly.  The  presence  of  free  mineral  acids  in  any  quantity  hinders  or 
prevents  the  reaction ;  organic  acids  also  hinder,  but  to  a  less  extent.  Vxa- 
LIAXI  therefore  recommends  the  addition  of  the  ferric  chloride  to  the  filtrate 
from  the  precipitate  caused  by  lead  acetate,  and  the  gradual  addition  of  sul- 
phuric acid  until  the  red  color  due  to  acetic  acid  just  divsappears,  when  the 
violet  coloration  due  to  salicylic  acid  will  be  seen. 

Chrysophanic  Acid  (CjjH,,^^  appears  in  the  urine  after  its  application 
to  the  skin,  and  also  after  the  use  of  rhubarb  and  senna.  The  urine  is  gener- 
ally of  a  strong  brownish  yellow  color,  and  becomes  a  permanent  purple  red  on 
the  addition  of  caustic  soda. 

Santonin  (Ci^Hj^Og) — After  its  use  a  decomposition  product  is  present  in 
urine,  owing  to  which  this  fluid  generally  acquires  a  yellow  color,  which  is 
transitorily  reddened  by  the  addition  of  caustic  soda  or  ammonia.  To  distiu- 
guish  between  the  urine  colored  by  it  and  by  chrysophanic  acid  the  followinir 
reactions  will  suffice  : — 

Chrysophanic  acid.  Santonin. 

1.  Alkalies  give  a  permanent  red  color.       A  ^lierry  or  purple  red  color,  which  dis- 

ai)pears  after  24  hours.  The  tint  is 
more  of  an  orange  after  rhubarb  or 
senna. 

2.  Alkaline  carbonates  give  a  rapid  red      The  red  color  appears  slowly  and  grad- 

coloration.  iially. 

3.  Riduciiuj  agents  in  the  urine  rendered       The  color  remains. 

alkaline  remove  the  color. 

4.  Precipitate  with  baryt^i  water  and      The  color  of  the  filtrate  is  not  removed. 

filter:  the  filtrate  is  decolorized. 

Quinine  (C,,jr,^^X.()2). — Part  appears  in  the  urine  unaltered,  part  as  oxy- 
chinin  (Kerner).     The  urine  turns  the  polarized  ray  from  0*3  to  0-4  to  the 
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left.  Add  a  few  drops  ammonia  to  the  urine,  shake  well  with  some  ether,  re- 
move the  ether  with  a  pipette,  and  evaporate  the  ethereal  extract.  The  residue 
is  to  be  dissolveil  in  a  little  slightly  acidified  water  and  again  precipitated  with 
ammonia.  Dissolve  up  this  last  residue  with  water  and  treat  it  first  with  chlorine 
water  and  then  with  ammonia :  a  green  color  is  obtained ;  or  if  ferrocyanide  of 
potassium  is  also  added,  a  red  color. 

To  detect  very  small  quantities  precipitate  the  urine  with  tannic  acid  and 
wash  the  precipitate  by  decantation ;  then  treat  it  with  caustic  lime  and  evap- 
orate to  diyness ;  digest  the  residue  with  hot  chloroform,  and  evaporate  the 
chloroform  extract.  The  quinine  can  be  dissolved  up  from  this  last  residue 
by  means  of  acidulated  water  (Personne). 

Morphine  (Cj^Hj^NOg). — Only  a  part  of  the  morphine  taken  into  the 
stomach  is  absorbed,  some  being  lost  in  the  fajces ;  even  when  injected  subcu- 
taneously  it  is  partly  destroyed  by  the  alkaline  blood,  so  that  only  very  minute 
traces,  or  at  the  most  the  products  of  its  decomposition,  can  be  detected  in  the 
urine  (Landsberg).  BOrntrager  could  not  discover  any  morphine  in  the 
urine  of  a  person  who  daily  took  it  in  large  doses;  but  it  always  appeared 
there  when  it  was  subcutaneously  injected.  In  a  patient  into  whom  a  consid- 
erable amount  was  daily  injected,  one-fourth  was  found  unaltered  in  the  urine, 
and  some  was  likewise  discovered  in  the  faeces  (Marm6). 

Evaporate  the  urine  to  a  syrup,  and  extract  it  several  times  with  absolute 
alcohol ;  evaporate  this  alcoholic  extract  to  dryness,  and  dissolve  the  residue  in 
a  few  drops  acetic  acid  and  water,  shaking  up  the  watery  solution  with  warm 
amy]  alcohol  (70°)  until  it  is  colorless;  then  concentrate  it  over  a  water  bath, 
and  having  rendered  it  strongly  alkaline  with  ammonia  shake  it  two  or  three 
times  with  hot  amyl  alcohol,  which  takes  up  the  morphine  and  yields  it  on 
evaporation. 

1.  Dissolve  a  little  in  strong  sulphuric  acid,  add  a  drop  of  water  and  a 
small  fragment  of  red  potassic  chromate ;    a  mahogany  coloration  is  produced. 

2.  Heat  the  solution  in  sulphuric  acid  in  an  air  jjath  at  about  150°  for 
10  minutes  or  so,  let  it  cool,  and  then  add  nitric  acid,  when  a  beautiful  dark 
violet  or  blood  red  color  is  produced. 

The  other  alkdloids  are  examined  for  in  the  same  way.  Test  their  action 
on  frogs,  and  note  if  the  pupils  are  dilated  (iitropin)  or  the  muscles  tetanized 
(strychnin)^  etc. 

Lead.  Silver,  and  Hercnry. — In  poisoning  by  lead  the  metal  may  be 
detected  m  the  urine  and  all  the  organs  of  the  body.  In  rabbits  to  which  lead 
had  been  given  in  doses  of  3  to  4  milligrams  daily  traces  were  found  in  the 
urine  after  the  first  day.  The  lead  is  best  detected  by  treating  the  residue  of 
the  evaporated  urine,  or  of  any  organic  fluid,  by  first  destroying  all  organic 
matters  with  hydrochloric  acid  and  potassic  chlorate,  and  testing  the  dissolved 
residue  with  sulphuretted  hydrogen  in  an  alkaline  solution ;  or  the  lead  can  be 
separated  by  electrolysis,  the  solution,  freed  from  organic  matter  and  acidulated 
with  hydrochloric  acid,  being  placed  in  a  bell  jar  closed  below  with  parchment 
paper  and  floated  in  very  dilute  sulphuric  acid.  The  positive  electrode  of  a 
small  battery  lies  on  the  parchment  diaphragm  and  the  negative  electrode  on 
the  other  side.  The  electrodes  are  platinum  foil,  and  in  24  hours  the  lead  de- 
posited on  the  positive  electrode  is  dissolved  in  boiling  nitric  acid,  the  solution 
evaporated  to  dryjiess,  redissolved  in  water  with  the  addition  of  caustic  soda, 
and  tested  with  hydric  sulphide. 

To  detect  silver  evaporate  the  urine  and  destroy  the  organic  matter  in  the 
residue  by  ftising  it  with  potassic  nitrate  and  sodic  hydnite ;  extract  with  water, 
and  dissolve  what  remains  in  nitric  acid;  this  last  solution  is  to  be  filtered, 
evaporated,  dissolved  in  water,  and  precipitated  with  hydrochloric  acid. 
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In  the  case  of  mercury  the  residue  of  the  urine  is  freed  from  organic 
matters  by  means  of  potassic  chlorate  and  hydrochloric  acid,  the  filtrate  subjected 
to  electrolysis,  the  mercury  being  deposited  on  a  gold  electrode.  The  deposited 
mercury  is  then  converted  into  iodide,  the  electrode  being  introduced  into  a 
glass  tube,  which  is  then  drawn  out  into  a  capillary  tube  at  one  end  and  sealed 
at  the  other.  On  heating  the  bulb  the  mercury  sublimes  and  passes  into  the 
capilliary  portion  of  the  tube.  Cut  off  part  of  the  bulbous  portion  of  the  tube 
and  seal  it  up  again  after  having  enclosed  a  fragment  of  iodine ;  the  iodine 
vapor  penetrates  the  capillary  tube  and  converts  the  mercurial  sublimate  into 
iodide.  Or  the  urine  may  be  diluted  with  water  or  a  2  per  cent,  sodic  chloride 
solution,  mixed  with  slaked  lime,  and  some  potash  solution  introduced,  the  whole 
being  enclosed  in  a  large  flask.  To  the  latter  a  U  tube  filled  with  glass  wool 
moistened  with  silver  nitrate  is  attached,  and  the  whole  then  heated  in  a  calcium 
chloride  bath  to  130°  to  140°.  The  glass  wool  is  next  to  be  converted  into 
iodide,  as  described  above. 


CHAPTER  XXVI. 

TABLE  FOR  THE  EXAMINATION  OF  MORBID  URINE, 

1.  Quantity, — Collect  in  a  clear  vessel  the  total  urine  passed  in  the 
24  hours  (normally  1,500  to  1,700  c.c.  =  52  to  59  oz.) 

2.  Density, — Ascertain  this  with  a  urinometor  (the  normal  is  1018 
to  1025 ;  to  get  it  with  any  degree  of  accuracy,  and  so  as  tp  be  really 
of  service  clinically,  a  sample  taken  from  the  whole  mixed  urine  passed 
in  the  24  hours  should  be  tested). 

To  obtain  a])])roximately  the  solids  in  the  1,000  parts  from  the  den- 
sity multiply  the  last  two  numbers  of  the  latter  by  2  or  2*88  (Trapp). 
[Normally  40  to  <i0  grams  (617  to  925  grains)  of  solids  in  1,000,  or  4 
to  G  j)er  cent.,  of  which  urea=  370  grains,  and  inorganic  salts,  about 
the  half  of  which  are  chlorides,  :=  300  to  850  grains.] 

8.  Note  the  Coloi\  whether  pale,  yellow,  brown,  red,  or  black;  the 
clearness  or  turbidity  ;  the  presence  or  absence  of  a  sedhnent;  and  the 
reaction  (of  the  fresh  urine),  whether  acid,  neutral,  or  alkaline.  (If  the 
litmus  paper  has  Ijcen  reddened  and  turns  blue  again  on  drying,  the 
acid  is  free  carbonic;  while  if  the  litmus  has  been  colored  blue  but 
reddens  again  when  the  paper  dries,  or  is  gently  heated  on  a  slij)  of 
glass,  the  alkalinity  is  due  to  ammonium  carbonate;  but  if  it  remains 
blue,  then  the  alkalinity  is  due  to  fixed  alkali.) 

4.  Test  for  Alhiunen  by  boiling  the  clear  acid  urine;  if  it  is  not 
already  acid  add  a  few  drops  of  acetic  acid,  and  then  note  if  any  j)recipi- 
tate  ap])earson  boiling.  (When  albumen  is  present  the  specific  gravity 
is  generally  low  and  the  urine  pale  in  color.) 

{(t)  If  it  is  white  and  ilisappears  on  the  addition  of  nitric  acid  it  con- 
sists of  earthy  ])liosphates.  (The  nitric  acid  should  not  be  added  too 
sparingly.) 

(h)  If  it  is  irhite  and  does  vot  disappear  on  the  addition  of  nitric 
acid  it  is  albumen.  But  instead  of  a])pearing  white  it  may  he  i/n' en- 
colored,  from  the  ])resence  of  biliary  pigment;  or  reddish  brown,  from 
the  ])resence  of  Ijlood. 
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Lay  the  test  tube  aside  for  24  hours  and  then  note  the  amount  of 
the  deposit.  Roughly,  if  the  precipitate  is  insignificant^  the  loss  of  al- 
bumen in  the  24  hours  is  under  2  grams;  if  7noclerate,  from  6  to  8 
grams;  if  considerable,  from  10  to  12  grams ;  while  if  very  large,  about 
zO  grams.  If  a  more  accurate  determination  is  required  see  pp.  395- 
397. 

To  confirm  the  presence  of  albumen,  particularly  if  it  is  in  small 
amount,  or  if  there  is  any  doubt  as  to  its  existence  in  the  urine,  pour 
Bome  pure  nitric  acid  into  a  test  jar,  and  allow  the  urine  to  flow  slowly 
down  the  side  of  this  vessel,  held  inclined  at  a  considerable  angle,  and 
to  spread  itself  out  upon  the  nitric  acid ;  then  note  the  appearance  of  a 
white  cloud  at  the  line  of  juncture  of  the  ttvo  fluids.  Or  a  saturated 
solution  oi picric  acid  may  be  used  in  the  same  way. 

Another  confirmatory  test  is  to  boil  the  urine  with  a  few  drops  of 
Millon's  reagent,  when  an  intense  red  coloration  will  be  produced ;  or 
add  to  the  urine  a  little  phosphotungstic  acid,  which  precipitates  even 
very  dilute  solutions  of  albumen  if  a  little  time  is  given. 

In  slight  cases  of  albuminuria  the  albumen  may  be  absent  from  the 
urine  passed  before  breakfast  and  present  in  considerable  proportion 
after  a  large  meal,  such  as  dinner  or  breakfast.  It  is  advisable,  there- 
fore, in  cases  of  doubt  or  difficulty,  to  test  samples  of  the  urine  of  the 
early  morning,  of  that  passed  after  dinner,  and  of  the  urine  voided  at 
nignt. 

5.  Test  for  Sugar. — The  urine  is  pale,  abundant,  and  of  high 
specific  gravity  (1030  to  1050)  if  sugar  is  present. 

The  urine  should  be  free  from  albumen :  if  not,  acidify  it  strongly 
with  acetic  acid,  boil  for  some  time,  and  separate  the  precipitate  by  fil- 
tration ;  or  if  much  pigment  is  present  filter'the  urine  through  animal 
charcoal. 

(a)  Add  a  little  of  the  alkaline  solution  of  bismuth  (see  p.  80)  to 
the  fresh  urine  and  boil  for  a  few  minutes :  a  brown  or  black  coloration 
or  precipitate  is  indicative  of  sugar;  a  white  precipitate  is  due  merely 
to  bismuthic  oxide. 

(6)  Confirm  the  presence  of  sugar.  (1)  Add  to  it  one-fourth  its 
volume  of  caustic  soda  solution  and  then,  drop  by  drop,  a  solution  of 
cupric  sulphate  (1^10)  until  a  blue  solution  is  obtained;  now  heat,  and 
a  yellowish  red  precipitate  is  thrown  down.  Better  results  will  be  ob- 
tained by  diluting  a  little  Fehling's  solution  with  water,  boiling  the 
mixture,  then  adding  the  urine  gradually,  heating  after  each  addition. 
If  sugar  is  present  in  not  too  small  amount  an  orange  or  red  precipitate 
makes  its  appearance.  Also,  for  the  sake  of  avoiding  any  possibility 
of  reduction  of  the  copper  by  other  reducing  bo<lies  than  sugar,  it  is 
advisable,  if  any  uncertainty  exists,  to  mix  a  little  Fehling's  solution 
with  the  urine  and  lay  it  aside  for  12  to  24  hours:  sugar  alone,  of  any 
of  the  probable  urinary  constituents,  effects  the  reduction  in  the  cold. 

6.  Test  for  Bile.  a.  Bile  Pigment. — The  presence  of  albumen  does 
not  interfere  with  the  pigment  reactions.  If,  indeed,  in  the  previous 
testing  for  albumen  a  greenish  precipitate  was  obtained,  then  the 
presence  of  bile  pigment  is  indicated,  {a)  Pour  a  little  yellow  nitric 
acid  into  a  test  tube,  then  inclining  the  test  tube  let  the  urine  trickle 
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slowly  down  its  side,  so  as  to  form  a  layer  over  the  acid ;  at  the  point 
of  contact  a  green  band  first  appears^  which  spreads  upwards,  and  is 
succeeded  inferiorly  by  a  blue,  a  reddish  violet,  and  a  yellow  layer. 

{b)  Spread  a  drop  of  the  urine  upon  a  white  plate  and  bring  a  drop 
of  yellow  nitric  acid  into  the  middle  of  this  drop :  a  play  of  colors  is 
produced,  beginning  with  green  and  ending  with  red  and  yellow. 

{c)  A  delicate  plan  is  to  filter  the  urine,  dry  the  filter,  and  then 
allow  a  drop  of  yellow  nitric  acid  to  fall  down  the  inside  of  the  filter: 
the  play  of  colors  is  well  marked. 

The  presence  of  indican  or  the  pigments  of  rhubarb,  senna,  santonin, 
etc.,  may  lead  to  some  difficulty.  With  the  indican^  however,  the  ap- 
pearance of  the  first  green  band^  so  characteristic  of  bilirubin,  is  want- 
ing, while  the  play  of  colors  is  absent  with  the  other  pigments. 

{d)  With  only  traces  of  pigment  the  above  methods  may  fail ;  the 
following  then  is  to  be  tried :  Acidify  the  urine  with  acetic  acid  and 
shake  well  with  a  little  chloroform ;  if  pigment  is  present  the  chloro- 
form assumes  a  yellow  tint.  Remove  the  chloroform  with  a  pipette, 
allow  a  drop  of  it  to  evaporate  on  a  microscope  slide,  and  look  for  bili- 
rubin crystals.  Shake  the  rest  of  the  chloroform  extract  with  carbon- 
ate of  soda,  and  an  alkaline  solution  of  the  pigment  is  obtained,  which 
is  to  be  treated  with  nitric  acid  as  in  (a)  or  (b), 

B.  Biliary  Acids, — {a)  Add  a  few  drops  of  cane  sugar  syrup  to 
the  urine,  and  then  a  little  gum  mucilage  or  a  scraping  of  hard  soap; 
shake  for  some  time  until  a  good  froth  is  obtained ;  now  incline  the 
test  tube  and  allow  a  drop  or  two  of  strong  sulphuric  acid  to  flow  down 
into  the  froth  ;  if  the  biliary  acids  are  present  a  beautiful  purple  will 
show  itself  in  the  froth  along  the  line  of  the  sulphuric  acid,  either  at 
once  or  after  the  side  of  the  tube  has  been  gently  warmed. 

(h)  Dip  a  piece  of  filter  paper  into  the  urine  in  {a)  after  the  addition 
of  tlie  cane  sugar,  and  lay  it  aside  to  dry;  then  bring  a  drop  of  strong 
sulphuric  acid  in  contact  with  it  by  means  of  a  glass  rod,  and  in  a  short 
time  a  violet  red  spot  will  appear, 

(c)  It  is  best,  in  case  of  doubt,  to  isolate  the  biliary  acids  as  follows: 
Precipitate  the  urine  with  acetate  of  lead  and  a  few  drops  of  ammonia; 
collect  the  precipitate  on  a  filter  and  wash  it  with  water ;  next  boil  it 
with  alcohol  and  filter  hot;  add  some  drops  of  sodic  carbonate  solution 
to  the  filtrate  and  evaporate  to  dryness.  Extract  the  dry  residue  with 
boiling  absolute  alcohol,  Avhicli  is  to  be  placed  in  a  flask,  and  after 
having  ])ceu  evaporated  to  a  small  volume,  ether  added  to  it,  the  flask 
corked,  Avell  shaken,  and  laid  aside;  a  resinous  precipitate  soon  appears, 
Avliich  is  to  be  separated  and  a  watery  solution  of  it  tested  as  in  (a)  or  \h). 

7.  Test  for  Fjartlii/  Phosphates, — Add  to  15  to  20  c.c.  urine  in  a 
test  tube  5  to  15  dro])S  of  a  solution  (1  :  12)  of  carbonate  of  soda: 
the  urine  becomes  opalescent  or  gives  a  precipitate.  This  indication  is 
readily  confirmed  by  adding  a  drop  of  nitric  acid  to  another  specimen 
of  urine,  and  dipping  into  it  a  piece  of  ammonium  molybdate  paper, 
when  the  latter  assumes  a  vellow  color,  which  is  more  marked  if  the 
acidified  urine  hjis  been  previously  boiled. 

The  precipitate  that  an  alkaline  or  faintly  acid  urine  may  give  on 
boiling,  and  which  disappears  on  the  addition  of  nitric  acid,  is  due  to 
earthy  phosphates. 
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Approximately  the  amount  may  be  determined  by  noting  the 
character  and  amount  of  the  precipitate  with  the  sodic  carbonate 
(Benecke).  If  no  cloudiness  even  is  produced  the  phosphates  are 
below  0*02  per  cent. 

Per  cent. 

A  slight  opalescence =  0*04  to  0*06 

A  stronger       "  =  007  "  009 

A  marked        "  =  010  "  012 

A      ''       tnrbidity        =  014  "  015 

A  moderate  precipitate  gradually  appearing  .  ,  .  ,  =  016  "  0*18 
A  strong  "  appearing  immediately  .  .  .  =  0'19  "  0'21 
A  precipitate  occupying  nearly  the  whole  fluid  .  .  .  =  0*20  "  0*26 
{Normal  amount =  006  "  008) 

8.  Test  for  Uric  Acid. — Filter  200  c.c.  urine,  add  10  c.c.  hydro- 
chloric acid,  and  lay  aside  for  24  hours ;  a  reddish  or  brownish  yellow 
crystalline  precipitate  on  the  side  of  the  tube.  Collect  these  by  de- 
canting the  urine  and  filtering.  Place  a  few  of  the  crystals  thus 
obtained  on  a  microscope  slide,  and  dissolve  them  in  a  drop  or  two  of 
caustic  potash  with  the  aid  of  heat;  stretch  a  piece  of  linen  thread 
through  the  drop  and  apply  a  cover  glass ;  now  let  fall  a  few  drops  of 
hydrochloric  or  acetic  acid  at  the  side  of  the  cover  glass  over  the  un- 
covered part  of  the  linen  thread ;  examine  under  the  microscope  in  a 
few  minutes,  and  note  the  appearance  of  transparent  rhombic  tables  in 
the  neighborhood  of  the  thread. 

The  murexid  test  can  also  be  applied,  if  required,  to  some  of  the 
crystals  placed  in  a  small  porcelain  capsule.  Add  a  drop  or  two  of 
nitric  acid,  warm,  and  evaporate  at  a  gentle  heat;  moisten  the  reddish 
residue  with  ammonia,  and  it  will  become  purple  red,  or  with  caustic 
potash,  and  a  purple  blue  color  will  be  produced. 

If  excess  of  urates  is  present  the  urine  will  not  be  clear,  but  it  will 
become  so  on  boiling,  and  will  respond  to  the  above  tests. 

9.  Test  for  Blood  if  the  urine  is  of  a  red,  brown  or  brownish  black 
color,  and  particularly  if  there  is  a  reddish-colored  deposit. 

(a)  Boil  a  little  of  the  urine  with  some  strong  caustic  potash,  and 
let  it  stand  for  a  short  time:  earthy  phosphates  will  be  precipitated, 
colored  brown  to  a  blood  red  and  exhibiting  marked  dichroism  with 
reflected  light. 

Urine  containing  chrysophanic  acid  or  the  pigments  of  rhubarb  or 
senna  gives  a  similar  reaction ;  but  there  is  no  dichroism,  and  instead 
of  the  color  of  the  precipitate  being  brightened  by  the  action  of  mineral 
acids,  as  is  the  case  with  blood,  it  is  somewhat  darkened. 

In  cases  of  doubt  apply  the  following  tests  in  addition  : — 

(b)  Boil  the  urine  with  acetic  acid,  collect  the  brownish  red  coagu- 
lum  on  a  filter,  wash  it,  and  then  warm  it  with  a  little  alcohol  acidified 
with  sulphuric  acid ;  a  red  or  brownish  red  alcoholic  solution  is  obtained, 
which  is  to  be  filtered  and  examined  with  a  spectroscope ;  if  sufficiently 
concentrated  it  will  give  the  absorption  bands  of  hscmatin,  a  dark  band 
between  c  and  D,  and  another  lighter  but  broader  band  extending  from 
midway  between  d  and  e  to  f,  though  sometimes  this  latter  may  appear 
as  two  bands  instead  of  one. 

(c)  Add  a  little  freshly  prepared  tincture  of  guaiacum  to  an  equal 
volume  of  spirits  of  turpentine  in  a  test  tube,  shake  so  as  to  form  an 
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emulsion,  and  pour  the  urine  down  the  inside  of  the  inclined  test  tube, 
so  as  to  form  a  layer :  if  blood  is  present  the  resinous  precipitate  takes 
a  blue  color. 

{d)  A  little  of  the  deposit  should  be  transferred  to  a  slide  and  ex- 
amined under  the  microscope.  Look  for  the  non-nucleated  flattened 
discs,  which  may  be  more  or  less  swollen  and  decolorized ;  then,  if  cor- 
puscles are  to  be  seen,  and  there  is  doubt  as  to  their  identity,  irrigate 
with  strong  solution  of  magentaj  which  stains  sporules  and  nuclei  of 
epithelial  cells ;  or  with  a  solution  of  eosin^  which  imparts  a  rosy  orange 
tint  to  the  colored  corpuscles. 

(Where  blood  is  present  it  is  often  of  importance  to  get  the  patient 
to  micturate  into  two  clean  vessels,  so  that  the  urine  first  passed  may  be 
examined  separately  from  that  passed  later.) 

10.  Test  for  Indican — Mix  40  drops  or  so  of  urine  with  about  4 
c.c.  fuming  hydrochloric  acid;  then  agitate  with  some  chloroform, 
which  on  settling  to  the  bottom  will  be  of  a  blue  color  if  indican  is 
present.  Or  warm  the  urine  with  twice  its  volume  of  nitric  acid,  and 
then  shake  with  a  little  chloroform  :  a  blue  chloroform  layer  is  obtained, 
that  gives  an  absorption  band  between  c  and  D. 

11.  Test  for  Excess  of  Urea. — The  urine  is  of  a  deep  color  and  a 
high  specific  gravity  (1030  to  1040).  Add  to  some  urine  in  a  large 
watch  glass  an  equal  volume  of  pure  nitric  acid,  and  float  the  glass  on 
cold  water.  If  the  urea  is  in  much  excess  crystals  of  nitrate  of  urea 
will  make  their  appearance  inside  half  an  hour,  or  much  earlier,  accord- 
ing to  the  amount  of  urea  present. 

12.  Crystalline  Constituents. — Evaporate  some  urine  to  a  thick 
svrup,  place  drops  of  this  upon  several  glass  slides,  and  apply  thin 
cover  glasses ;  after  crystallization  has  gone  on  for  some  time  examine 
under  the  microscope.  Add  a  drop  of  acetic  acid  to  one  of  the  drops 
of  the  syrup  and  insert  a  filament  of  flax  or  silk  therein:  let  this  slide 
stand  under  cover  for  twelve  to  twenty-four  hours,  when  it  is  to  be 
examined. 


CIIAPTER  XXVII. 

URINARY  SEDIMENTS  OR  DEPOSITS. 

Certain  extraneous  matters  may  be  found  in  examining  urinarv 
deposits,  and  the  student  should  in  the  first  place  make  himself  familiar 
Avith  their  ap|)eannK'e,  so  a.s  not  to  mistake  them  for  true  urinary  de- 
posits. The  most  common  of  these  extraneous  deposits  are  fibres  of 
cotton  or  flax,  hairs  of  different  animals,  portions  of  feather,  wool,  oil. 
globules,  granules  of  starch,  pieces  of  vegetable  tissue,  splinters  of 
wood,  chalk,  sand,  etc. 

It  is  (flwat/s  desirable  to  examine  the  deposits  early^  as  some  of 
them  are  liable  to  undergo  i)receptible  changes  in  a  comparatively  short 
time. 
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A  light  cloudy  deposit  after  the  urine  has  stood  a  few  hours  is  nor- 
mal ;  it  generally  consists  of  epithelium  or  a  little  mucus  from  some 
part  of  the  urinary  tract.  When  the  urine  is  turbid  and  acid  on  emis- 
sion, the  turbidity  is  due  to  the  presence  of  pus,  blood,  or  mucus ;  but 
if  alkaline,  to  the  presence  of  phosphates. 

The  deposits  may  be  classified  into  organic  and  inorganic.  The 
organic  consist  of  epithelial  cells,  casts  of  the  uriniferous  tubules,  pus, 
blood,  oil  globules,  etc. ;  while  the  inorganic  are  such  bodies  as  uric 
acid,  urates,  oxalates,  phosphates,  and  carbonates,  chiefly  of  the  alkalies 
and  alkaline  earths,  leucin,  cystin,  and  tyrosin,  etc. 

Ptis  varies  in  appearance  according  to  the  reaction  of  the  urine. 
When  it  is  acid  the  pus  tends  to  sink  to  the  bottom  of  the  vessel  as  an 
opaque,  creamy,  greenish  yellow  layer,  difi"using  readily  on  being  agi- 
tated and  subsiding  again  slowly  and  gelatinizing  when  mixed  with  an 
equal  volume  of  caustic  potash.  When  the  urine  is  alkaline  the  pus  is 
viscid  and  ropy,  very  tenacious  and  stringy,  not  diflfusing  readily  on 
agitation,  and  genersJly  mixed  with  earthy  phosphates. 

Mucus  also  tends  to  sink  to  the  bottom  of  the  vessel,  and  is  very 
tenacious  and  ropy ;  earthy  phosphates  are  frequently  deposited. 

The  deposit  should  be  allowed  to  settle^  and  the  supernatent  urine 
decanted,  or  the  sediment  removed  by  means  of  a  pipette;  and  as  a 
general  rule  portions  of  the  deposit,  if  a  copious  one,  should  be  ex- 
amined  at  different  levels.  By  using  a  conical  glass  sufficient  deposit 
may  be  obtained  for  examination  even  from  a  small  amount  of  urine. 

The  character  of  the  deposit  should  then  be  noted — whether  it  is 
(1)  lights  jlocculentj  and  transparent^  consisting  of  mucus,  epithelium, 
or  other  bodies,  such  as  sarcinse,  spermatozoa,  casts,  etc.,  in  small 
quantity :  (2)  dense  and  opaque  and  of  considerable  bulk,  as  urate  of 
soday  forming  a  lateritious  nut  brown  sediment ;  phosphates^  urine  usu- 
ally alkaline ;  pus,  forming  a  creamy  deposit  rendered  glairy  by  potash : 
(3)  crystalline  or  granular^  occupying  a  small  bulk  at  the  sides  or 
bottom  of  the  vessel  containing  the  urine,  and  colored  or  transparent, 
as  uric  acid,  generally  of  a  mahogany  brown  color;  blood  and  other 
corpuscles  and  cells;  oxalate  of  lime  ('seldom  forming  a  deposit  visible 
to  the  naked  eye),  cystin,  etc.  (Beale). 

We  generally  find  that  the  deposit  varies  with  the  reaction  of  the 
urine ;  thus  from  an  a^id  urine  we  may  have  a  deposit  of  urates,  uric 
acid,  tyrosin,  or  cystin',  from  an  alkaline  urine^  urate  of  ammbnia, 
phosphate  of  lime  or  magnesia,  triple  phosphate,  or  carbonate  of  lime ; 
and  from  a  nearly  neutral  urine,  oxalate  of  lime. 

Removal  of  Deposit, — Plunge  a  pointed  pipette,  whose  upper  ori- 
fice is  closed  with  the  forefinger,  into  the  deposit  at  the  bottom  of  the 
vessel  holding  the  urine,  and  then  raise  the  forefinger  slightly,  upon 
which  some  of  the  deposit  will  enter ;  now  press  the  forefinger  tightly 
down  and  remove  the  pipette.  If  the  deposit  is  present  in  but  small 
amount,  or  if  only  a  small  quantity  of  urine  can  be  obtained,  the  pre- 
caution should  be  adopted  of  attaching  a  piece  of  india  rubber  tubing 
provided  with  a  clip  to  the  upper  end  of  the  pipette.  Then  on  re- 
moving the  pipette  from  the  urine  lay  it  aside  suspended  for  some  time. 
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As  a  preliminary  examination  it  is  expedient  to  proceed  as  follows 
(after  Robin)  : — 

1.  Warm  a  little  of  the  deposit  in  a  test  tube  with  some  of  the 
urine  itself:  urate  of  soda  or  ammonia  readily  dissolves. 

2.  Add  to  a  little  of  the  deposit  half  its  volume  of  catistic  potash: 
urates  are  dissolved  and  a  clear  solution  obtained ;  pus  becomes  trans- 
parent, glairy,  and  viscid;  phosphates  remain  unchanged.  If  the 
deposit  is  rendered  viscid  without  being  cleared  up,  then  pus  and  phos- 
phates are  probably  both  present. 

3.  If  the  deposit  does  not  disappear  when  heated,  add  a  few  drops 
of  acetic  acid:  earthy  phosphates  are  dissolved. 

4.  If  insoluble  in  acetic  acid  add  to  a  fresh  portion  a  few  drops  of 
dilute  hydrochloric  acid:  a  clear  solution  which  gives  a  white  pie- 
cipitate  when  neutralized  with  ammonia  probably  indicates  oxalate  of 
lime, 

5.  If  still  insoluble,  to  a  fresh  portion  add  a  few  drops  of  liquor  am- 
mortice:  if  it  dissolves,  and  the  solution  on  evaporating  leaves  hexag- 
onal crystals — cystin, 

6.  Also,  if  insoluble  in  the  hydrochloric  acid,  test  for  uric  acid  by 
adding  a  drop  or  two  of  nitric  acid  to  a  little  of  the  deposit  on  a  small 
porcelain  dish,  heating  to  dryness  over  a  spirit  lamp,  and  adding  a  drop 
or  two  of  ammonia :  a  purple  coloration  indicates  uric  acid. 

7.  Test  the  solubility  of  the  deposit  in  ether:  if  soluble  and  the 
ethereal  solution  yields  an  oily  residue,  fatty  matter  is  present.  A 
partial  clearing  up  occurs  with  chylous  urine, 

8.  Examine  the  deposit  under  the  microscope^  and  note  whether  it 
is  crystalline  or  amorphous,  or  consists  of  rounded  or  organized  particles. 

(a)  Crystalline  in  Whole  or  in  Part. —  Uric  acid  in  lozenge-shaped 
crystals,  but  the  form  varies  immensely.     This  is  the  most  frequent 

form  of  deposit.    Rhombs  and  rectangular  prisms 
C5)       are  the  most  common  forms,  and  they  are  usually 

#(^         of  a  reddish  yellow  color.     In  case  of  doubt  it  is 
^       ^  always  advisable  to  dissolve  a  little  of  the  deposit 

f^^        g    ^  in  a  drop  of  potash  on  a  slide,  and  then  ad<l  ex- 

Q         ^^       cess  of  acetic    acid;    cover  and   examine  in  a 
fS^  cou])le  of  hours,  when  if  uric  acid   is  present 

^  £J    ^     small  colorless  rhombic  crystals  will  be  obtained. 

E   ^^^      c^         Triple  phosphate  occurs  in  stellate,  feathery,  or 
Fi<;.  i.'i— Oxalate f»F  LiMK     obliqucly  truncated  triangular  ])risms,  soluble  in 
(XT(»iii:MKA,DuMH-ni:LLs,     acetic  acid;  phosphate  of  lime  in  granules  and 

AND   OV0II>S.  .  .-*..'  " 

occasionally  in  radiating  crystals;  oxalate  of 
lime  in  octohedra  or  dumb-bells;  cvstin  in  rosette-like  tables;  cho- 
lesterin  in  rhombic  plates. 

(//)  Rounded  or  Amorphous  Particles. — Oil  globules  as  spheric^il, 
very  refractile  bodies  Avith  dark  borders;  chylous  matter  as  very  minute 
fatty  <rranules  in  an  opaque  and  milky  urine:  fatty  matter  is  generally 
in  globules,  chylous  matter  in  a  molecular  condition.  3Iilk  can  be  de- 
tected by  its  characteristic  globules,  and  by  the  urine  clearing  up  after 
the  addition  of  a  few  drops  of  acetic  acid  and  ether,  chylous  urine 
clearing  up  on  addition  of  ether  alone.      Urate  of  soda  or  ammonia 
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occurs  in  amorphous  form  or  in  small  rounded  masses,  and  is  readily 
soluble  when  heated ;  2^f^08phate  of  soda  is  soluble  in  dilute  acids :  on 
adding  acetic  acid  the  phosphates  and  carbonates  disappear,  also  the 
urates,  but  uric  acid  crystals  will  appear  in  the  place  of  the  latter. 

(c)  Organized  Particles. — Corpuscles  of  mucus,  pus,  or  blood,  epi- 
thelisd  scales,  casts,  sarcinaB,  etc.  Irrigate  with  dilute  acetic  acid  and 
stain  with  magenta.  Pus,  as  we  have  seen,  is  rendered  glairy  by  pot- 
ash, and  it  is  generally  associated  with  crystals  of  triple  phosphate. 
A  little  albumen  also  can  be  detected  in  the  urine  when  pus  is  present, 
derived  from  different  parts  of  the  genito-urinary  mucous  membrane, 
€ven  from  the  kidney  itself;  but  to  determine  its  exact  seat  of  forma- 
tion is  diflScult;  some  idea,  however,  may  be  gained  by  noting  the 
character  of  the  epithelial  cells  mixed  with  it,  and  the  presence  or 
absence  of  different  crystals ;  thus  pus  from  the  bladder  generally  con- 
tains crystals  of  triple  phosphate,  but  these  are  often  absent  if  the  pus 
comes  from  the  pelvis  of  the  kidney  or  the  kidney  itself.  When  blood 
is  present  the  urine  has  generally  a  smoky  tint,  and  if  the  urine  is  acid 
the  deposit  is  brownish,  but  if  alkaline  the  color  is  brighter  and  redder. 
The  corpuscles  will  vary  in  their  appearance  according  to  the  reaction 
and  density  of  the  urine;  in  dilute  and  alkaline  urines  they  very  soon 
lose  their  characters. 

The  opportunity  may  be  taken  here,  before  tabolating  the  different  deposits, 
to  examine  one  of  these  deposits  in  a  little  more  detail.  Cystin  very  occa- 
sionally occurs  as  a  grayish  crystalline  de- 
posit. Urine  containing  it  is  generally 
&intly  acid,  yellowish-green  colored,  and 
turbid  when  voided ;  the  addition  of  acetic 
acid  increases  this  turbidity  by  causing 
more  cystin  to  be  deposited.  It  occurs 
mostly  in  the  urine  of  children  or  young 
adults,  at  times  as  much  as  0*393  gram 
being  excreted  in  the  24  hours,  and  is  sup- 
posed to  result  from  some  derangement  of 
the  liver,  the  sulphates  being  generally  in- 
creased at  the  same  time  unless  much  cystin 
is  discharged,  in  which  case  the  absolute 
amount  of  sulphuric  acid  is  lessened.  In 
some  cafies  this  cystinuria  runs  in  families, 
and  seems  to  be  hereditary.  In  very  small 
amount,  it  may  be  said,  it  has  been  regarded  as  a  normal  urinary  constituent 
(LObisch  and  Ebstein). 

Cystin  forms  transparent  six-sided,  or  occasionally  rhombohedral,  plates. 
It  is  soluble  in  mineral  acids,  oxalic  acid,  and  caustic  alkalies,  from  which  it  Ls 
readily  precipitated  as  a  white  powder,  from  the  acid  solutions  by  ammonium 
carbonate,  and  from  the  alkaline  solutions  by  acetic  acid ;  but  it  is  insoluble  in 
water,  alcohol,  and  ether.  Heated  on  platinum  foil  it  burns  with  a  greenish- 
blue  fiame,  giving  off  a  characteristic  stinking,  alliaceous,  acid  odor.  On  ac- 
count of  the  sulphur  present,  of  which  it  contains  26  per  cent.,  if  we  boil  a 
potash  solution  of  cystin,  containing  some  oxide  of  lead  dissolved  in  it,  a 
black  precipitate  of  sulphide  of  lead  will  be  formed ;  if  boiled  without  the  ad- 
dition of  the  lead  it  gives  off  ammonia  and  some  iuflammable  gas.  Owing  to 
the  presence  of  sulphur  also,  if  a  small  portion  be  heated  on  a  piece  of  silver 
•with  some  caustic  soda  a  black  stain  of  sulphide  of  silver  is  produced. 
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A  little  of  the  same  boiled  potash  solution  diluted  with  water  gives  with 
nitroprusside  of  potash  a  beautiful  violet  coloration. 

Freparation. — (a)  To  separate  Cystin  from  a  Calculus  containing  it. — 
Boil  the  powdered  calculus  with  caustic  potash  or  a  little  carbonate  of  soda, 
and  neutralize  the  hot  solution  with  excess  of  acetic  acid :  the  cystin  separates 
as  the  liquid  cools. 

Or  dissolve  the  calculus  in  ammonia,  filter,  and  allow  the  ammoniacal  solu- 
tion to  evaporate  spontaneously.  Cystin  may  be  readily  purified  in  this  way  by 
crystallizing  it  from  its  solution  in  ammonia. 

(6)  From  Urine  containing  it. — Add  to  the  urine  3V  its  volume  of  dilute 
acetic  acid  (20  per  cent.),  and  lay  aside  in  a  cool  place:  a  sediment  appears  ia- 
side  24  hours,  which  is  to  be  collected  on  a  filter,  washed  with  dilute  acetic 
acid,  and  dried. 

To  Separate  Cystin  from  Urine  and  Determine  its  Amount. — Add  20  c.c. 
dilute  acetic  acid  (20  per  cent.)  to  500  c.c.  of  the  urine;  lay  aside  in  a  cool 
place,  and  collect  the  sediment  after  24  hours  in  a  weighed  filter;  wash  the 
precipitate  with  dilute  acetic  acid,  dry,  and  weigh  it.  The  weighed  filter  with 
its  contents  is  then  to  be  treated  with  some  drops  of  dilute  hydrochloric  acid, 
which  dissolves  out  the  cystin ;  dry  the  filter  again  and  weigh :  the  difference 
in  weight  gives  the  cystin.  From  the  acid  filtrate  the  cystin  can  again  be  ob- 
tained by  neutralizing  with  ammonium  carbonate. 

Cystin  may  readily  he  distinguished  from  urate  of  ammonia  in  urine  by 
being  insoluble,  or  nearly  so,  when  the  urine  is  heated,  the  urate  dissolving 
readily.  By  its  insolubility  in  acetic  acid,  the  appearance  of  its  crystals,  and 
its  ready  solution  in  ammonia  it  is  distinguished  from  earthy  phosphates ;  and 
its  sparing  solubility  in  water  characterizes  it  at  once  from  sodium  chloride. 

Its  crystals  may  he  preserved  in  dilute  acetic  acid^  or  Canada  balsam,  or  in 
gelatin  and  clycerin.  They  are  distinguished  from  similar-shaped  crystals  of 
uric  acid  by  treating  them  with  ammonia  and  allowing  the  solution  to  evapo- 
rate, when  the  uric  acid  will  remain  as  an  amorphous  residue  of  urate  of  am- 
monia, while  the  cystin  will  be  deposited  in  its  characteristic  crystalline  form. 

(Cystin  is  recognized  (1 )  by  the  shape  of  its  crystals;  (2)  by  its  ready  solu- 
bility in  caustic  potash;  (3)  by  the  potash  solution  staining  silver  when  heated 
on  it ;  and  (4)  by  giving  a  violet  coloration  with  nitroprusside  of  potiissium. 

The  deposit  may  further  be  examined  chemically  according  to  the 
methods  given  under  calculi,  or  tested  in  succession  with  acetpc  acid  and 
caustic  ])otash  according  to  the  following  tables  (modified  after  Marais). 
Most  of  the  chemical  tests  can  be  applied  to  the  deposit  on  the  slide, 
the  precaution  being  taken  of  inserting  a  piece  of  thread  under  the  cover 
glass  to  allow  free  entrance  to  the  reagents. 

A.   Unorganized  Deposits. 

I.  Crystalline  Bodies. 

Action  of  acotic  acid. 
1.  Crystiils  large,  generally  isolated,       Soluble.  Ammoniacomagnesian  w 

traDsj)arcnt    with   sharp    mivrgius,   and  triple  phosphaU 

Ibniiiiig  triangular  prisms  or  many-sided  [MgNH4p04-T  6H.0]. 

rhombie  coml>inations.  Oecasionallv 
combined  with  these,  and  especially 
after  the  use  of  alkaline  carbonates  and 
in  eoueentrated  neutral  or  alkaliue 
urine,  magncsic  phosphate  [MgjfPO,)^ 
T-  17H.,0]  may  appear  as  long,  narrow, 
truncated  tables. 
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Insolable. 


Insoluble. 


Oxalate  of  lime 

[CaCA-r2H,0]. 


Tpro9in  [C3H7NSO2]. 


Action  of  acetic  add. 

2.  Crystals  voluminous,  but  gener-      Insoluble.  Uric  acid  [C5H4N4O3]. 
ally  in  groups,  of  a  yellow  or  brown  color, 

surface  often  furrowed  or  cracked,  con- 
tours well  marked  (four-sided  rhombic 
tables,  six-sided  plates,  spindle-,  barrel-, 
or  <iumb-bell-sbaped  crystals,  etc.)  In 
case  of  doubt  dissolve  in  a  drop  or  two 
of  caustic  potash,  and  reprecipitate  in  a 
crystalline  form  by  the  addition  of  a 
drop  of  hydrochloric  acid :  the  crystals 
are  colorless  and  lozenge-shaped. 

3.  Crystals  very  smallt  isolated,  very 
transparent,  refracting  light  strongly, 
outline  sharp  and  octohedral ;  occasion- 
ally arranged  in  rosettes,  sometimes, 
however,  occurring  in  small  dumb-bells. 

4.  Yellowish-green  globules  with  a 
striated,  crystalline  structure,  soluble 
in  ammonia  and  reprecipitated  there- 
from by  excess  of  acetic  acid  in  long 
white  needles f  that  are  generally  grouped 
in  radiating  stars  or  bundles,  or  in 
brush-like  masses. 

5.  Appears  frequently  as  white  shin- 
ing lamella;,  made  up  of  small  spherules, 
often  as  groups  of  spherical  masses — 
balls  or  tubercles — exhibiting  a  radial 
striatidn,  the  little  spherules  being  made 
up  of  acicular  crystals  radiating  from  a 
common  centre. 

6.  Pale  or  colorless,  highly  refractile, 
six-sided  tables,  soluble  in  hydrochloric 
acid  and  ammonia. 

7.  Needles  or  rhombic  prisms,  insol- 
uble in  dilute  hydrochloric  acid,  but 
soluble  in  warm  alcohol  (a  very  rare 
deposit).  II  Amorphous  Bodies. 


Insoluble. 


Leucin  [CgHiaNOj. 


Insoluble. 


Insoluble. 


Cystin  [Q^'EL-.;^^0^'\, 


Hippuric  acid 

[CjHyNOJ. 


1.  Granules  round  or  oval  in  shape, 
contour  decided  and  dark,  either  iso- 
lated or  united  in  groups  of  three  or 
four,  arranged  in  lines,  etc. ;  or  granules 
very  pale,  small,  transparent,  and  diffi- 
cmlt  to  distinguish,  united  in  irregular 
flakes.  (This  body  may  also  appear  as 
wedge-shaped  crystals  with  obliquely 
cut  bases,  and  may  be  arranged  in  ro- 
settes ;  the  crystals  may  likewise  form 
needles,  or  prisms  collected  into  radiat- 
ing clu8t4.*rs,  etc.) 

2.  Granules  rounded,  isolated,  with 
concentric  or  radiated  stria;,  and  more 
or  less  opaque  and  dark.  (Only  rarely 
found,  and  then  generally  accompanying 
the  earthy  phosphates  in  an  alkaline 
urine;  it  may  occasionally  form  imper- 
fect dumb-bells.) 

3.  Little  reddish  or  yellowish  gran- 
ules, sometimes  very  small  and  disposed 
in  a  ramified  series  (recent  sediments) ; 
sometimes  more  voluminous  in  the  form 
of  globules  with  black  contour  and  yel- 
low centre,  united  en  masse ^  or  else  iso- 
lated and  covered  with  points  (old  sedi- 
ments).    (Urate  of  ammonia  is  found 


Action  of  acetic  acid. 

Soluble    without    Phosphate  of  lime 
evolution  of  [CagCPOJJ. 

ga». 


Soluble  with  evo-     Carbonate  of  lime 
lution  of  bub-  [CaCOa]. 

bles  of  gas. 


Soluble,  with  the 
appearance 
after  a  time 
of  colorless 
rhombs  of  uric 
acid. 


Urates 

[C,H..(NH4),XA] 

[CsH^Na^NA]. 
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only  in  alkaline  urine,  the  other  urates 
generally  in  acid  urine.) 

4.  Very  fine  isolated  granulations 
with  molecular  movement. 

5.  Rounded  granulations  of  variable 
size  and  strong  refracting  jwwer,  solu- 
ble in  a  mixture  of  alcohol  and  ether, 
especially  after  the  addition  of  a  little 
caustic  soda. 


Action  of  acetic  acid. 


Insoluble. 


Insoluble. 


Molecular    grantUa- 

tions. 
Fatty  particles. 


B.  Organized  Deposits. 

I.    Of  a  Cellular^  more  or  less  Bounded  Fonn. 


1.  Globules  circular  with  smooth  and 
crenated  margins,  without  nuclei,  centre 
depressed,  isolated,  and  often  surround- 
ed by  threads  of  fibrin  or  mucus ;  the 
urine  contains  albumen. 

2.  Round  or  oval  globules  with 
faintly  marked  outlines,  of  a  faint  gray 
color,  finely  granular  and  nucleated; 
isolated  or  grouped,  and  often  sur- 
rounded by  strings  of  mucus.  At  first 
the  pus  corpuscles  are  separate,  but  they 
soon  run  together,  so  as  to  form  a  con- 
siderable gray  or  yellowish  white  sedi- 
ment ;  and  if  the  urine  is  alkaline  the 
corpuscles  appear  much  swollen  up  and 
transparent,  often  only  their  nuclei  be- 


ActioD  of  acetic  acid. 

Swollen  and  decolor-  Colored  cor- 

i zed  by  dilute  acetic  pusdes  of  the 

acid ;  not  stained  by  blood. 
carmine. 

Become   pale,    nuclei  Leucocytes  (mu- 

being  brought  into  cus   and  pus 

view,    which    are  corpuscles), 
stained  by  carmine. 


ing  visible. 


^P 


^^ 


^^h 


I 


f/9  ^^  <^ 


Fifi.  37.— Kpithelial  Cells  ix  Urinary  Deposits. 

EftUhrlium  of  dlfhrevt  kinds j'onnd  in  vrirwiy  ilrjiosiix :  «,  from  ureter: 
h,  from  urethra  ;  c,  from  pelvis  of  kidney;  </,  from  bladder;  c,  from 
vagina. 


3.  Vory  small  round  or  oval  refract- 
ing globules,  presenting  brilliant  nuclei 
or  warty  expansions  on  their  surface; 


isolated  or  in  strings. 


4.  Little  vegetable  organisms  in  the 
form  of  cubes  (sarcina),  or  ;is  cellular 
threads  forming  funj^us  growths  (or 
thallusj,  often  with  fructifying  spores 
(sugar  {unguSy  penicillium  f/laucum). 


Not    affected;  not     SjHyres. 
stained  by  carmin, 
but  the  nuclei   are 
colored  yellow    by 
iodine. 

—  Fungi. 
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5.  Very  small  oval,  hyaline,  and 
highly  refractile  corpuscles,  each  fur- 
nished with  a  long  and  slender  talL 

6.  Cells  with  thick  walls,  frequently 
tailed  or  spindle-shaped,  often  forming 
small  brownish  deposits  in  which  blood 
corpuscles  are  numerous,  and  shreds  of 
tissue,  hsematoidin  crystals  and  rosettes 
of  calcic  oxalate  crystals  occasionally 
also  present.  The  cells  vary  not  only 
greatly  in  size,  but  likewise  in  shape, 
and  pus  corpuscles  are  not  frecmently 
combined  with  them  {cancer  cells).  Bro- 
ken-down cheesy  masses  with  a  large 
amount  of  amorphous  granular  debris 
and  abundance  of  pus  corpuscles  {tu- 
bercle). 

7.  Elements  rounded,  cylindrical, 
fusiform  or  polygonal,  granular,  gener- 
ally nucleated,  and  never  forming  a  vol- 
uminous layer.  (Nucleated  and  elon- 
gated or  polygonal  epithelial  scales  may 
also  show  themselves.) 

(a)  The  round  cells  come  from  the 
kidney,  the  deep  layer  of  the  epithe- 
lium of  the  pelvis  of  the  kidney,  or  of 
the  male  urethra,  and  are  present  in 
acute  desquamative  nephritis  and 
acute  pyelitis  and  urethritis,  {b)  The 
conical  cells  come  chiefly  from  the  pel- 
vis of  the  kidneys,  and  (c)  the  flattened 
scales  from  the  bladder  or  vagina.  In 
jaundice  the  nuclei  have  a  yellow 
color. 

8.  In  warm  climates  little  oval  plates 
with  a  sharp  spine  at  one  end  have  been 
found  in  cases  of  hsematuria. 


Action  of  acetic  acid. 

Not  characteristically  l^^ermatozoa. 
modified  by  reagents. 

Elements  rendered  more  Cel!»  and  cor- 

distinct,  particularly  piiscles     of 

the  nuclei.  cancer  and 

tubercle. 


Rendered  transparent.  Epithelial  cells 
nuclei  being  brought 
into  view  which  are 
stained  by  carmine, 
hematoxylin,  or  ma- 
genta. 


Bilharzia 
hiematobia. 


II.    Of  a  Cylindrical  or  Fusiform  shape. 


1.  Voluminous  cylinders  variable  in 
length  and  appearance,  often  beset  with 
blood  corpuscles  or  with  epithelial  cells 
from  the  urinary  tubules ;  to  render  them 
more  evident  irrigate  with  iodine  or  ma- 
genta solution,  and  at  the  same  time 
limit  the  light  by  using  a  small  aperture 
in  the  diaphragm  of  the  microscope. 

(a)  Colorless,  flexible,  slightly  glis- 
tening, and  coarsely  granular,  contour 
irregular,  with  nuclei  and  blood  cor- 
puscles here  and  there ;  dissolving  in 
urine  heated  to  80°,  shrinking  in  di- 
lute acetic  acid,  and  dissolving  in 
strong  acetic  acid  and  in  alkalies 
(granular). 

(()  Consist  largely  of  epithelial 
cells  embedded  in  a  finely  molecular, 
translucent  mass ;  not  soluble  in  water, 
and  shrinking  on  boiling  {epithelial). 

28 


Action  of  acetic  acid. 
Rendered  transparent. 


Urinary  casts. 
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Action  of  acetic  acid. 
(c)  Yellow,  glistening,  ontlines 
regular  and  well  defined ;  insolable  in 
water,  lime  water,  or  dilute  acetic 
acid ;  soluble  in  strong  acids  and  alka- 
lies; and  do  not  shrink  in  alcohol  or 
tannic  acid  {hyaline). 

2.   Very  short  and  minute  transpa-  Not  modified  by  acetic     Vibriones. 

rent  rods  or  cylinders,  in  great  numbers,  acid,  which,  however, 

and  often  presenting  a  molecular  or  un-  slackens    or    arrests 

dulatory  movement.  their  movements. 

III.  Flakes  or  Filaments. 

Action  of  acetic  add. 

Filaments  very  fine  and  often     (a)  Not  modified  by  acetic  acid.  Fungi. 

intersecting.  {b)  Rendered  transparent  by  acetic     Clots  of  fibrin. 

acid,  the  fibrillary  aspect  disap- 
pearing and  giving  place  to  a 
swollen,  transparent,  amorphous 
mass,  which  again  assumes  its 
fibrillar  appearance  after  the  ac- 
tion of  caustic  potash. 
(c)  Rendered  more  distinct  by  acetic  Mucus. 
acid,  which  gives  it  a  striated  or 
punctated  aspect. 


Action  of  Caustic  Potash  (10  pee  cext.)  on  DeI»osits  Examined  under 

THE  Microscope. 

1.  Deposit  disappears:    Urates — the  older  the  period  of  formation  the  slower  the 

solution. 
Uric  Acid — slow  and  progressive  disappearance. 
Blood  corpuiicles — swell  and  dissolve. 
Lmcocytes — become  transparent  and  dissolve  rapidly. 
Epithelial  nuclei — clear  up. 
Urinary  casts  '*       " 

Fibrin  and  mucus — the  granules  present  are  dissociated. 

2.  Deposit  modified :     Epitheliums — the  nuclei  gradually  disappear,  the  cell  swell- 

Lug  up  into  a  transparent  vesicle  with  indistinct  outline. 
Pavement  epithelium  resists  the  action  longest. 

3.  Deposit  not  modified  :     Triple  phosphate. 

Phosphate,  carbonate,  and  oxalate  of  lime. 
Spores,  vibriones,  bacteria — movements  arrested. 
Spermatozoa. 
Vegeta]>le  filaments. 

In  tlie  tal)le  preceding  tlie  last  it  will  be  seen  that  after  the  aetion 
of  aedir  acid  the  deposit  disappears,  as  with  the  phosphates;  is  ino<li- 
fied  by  bein^j:  rendered  trans])arent,  etc.  (epithella^  etc.);  is  not  affect e<l. 
as  witli  uric  acid,  oxalate  of  lime,  etc. ;  or  new  appearances  present 
themselves,  as  crystals  of  uric  acid,  etc. 

Jlijtpjirie  aeil  may  present  itself  in  the  form  of  long,  rhomboidaJ, 
four-faced  prisms,  which  may  be  confounded  with  the  triple  phosphate, 
but  is  distinffuishod  bv  its  insolubility  in  dilute  acids  and  its  solubilitv 
in  warm  alcohol.  It  is  a  very  rare  deposit,  but  it  may  present  itself 
after  the  administration  of  benzoic  or  succinic  acids  and  after  the  inges- 
tion of  large  quantities  of  fruit,  etc. 
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CHAPTER  XXVIII. 

PHYSIOLOGICAL  AND  PATHOLOGICAL  CONDITIONS  IN  WHICH 

DIFFERENT  SEDIMENTS  OCCUR, 

1.  Mtcciis  and  Epithelium  in  blenorrhoea,  catarrh  of  the  urinary 
organs,  etc. 

2.  Pus  in  suppuration  in  the  urinary  tract,  as  kidneys,  ureters, 
bladder,  urethra,  etc. ;  also,  in  females,  from  uterine  and  vaginal  dis- 
charges. If  the  cells  are  round  and  smooth  and  show  double  or  treble 
nuclei  readily  on  the  action  of  acetic  acid,  the  discharge  is  of  a  more 
or  less  laudable  kind,  and  more  likely  to  be  produced  by  a  simple  ca- 
tarrh, than  if  the  action  of  acetic  acid  brings  into  view  irregular  or 
ill-defined  nuclei. 

3.  Phosphates, — Especially  in  chronic  diseases  and  in  alkaline  urine. 
The  presence  of  the  triple  phosphate  is  not  significant  unless  present 
in  freshly  voided  urine ;  it  then  points  to  the  occurrence  of  decomposi- 
tions in  the  contents  of  the  bladder  and  to  the  possible  formation  of 
stone.  Crystalline  phosphate  of  lime  is  said  frequently  to  accompany 
the  waste  of  tissue  occurring  in  phthisis,  diabetes,  paralysis,  etc. 
Amorphous  phosphates,  if  persistent,  indicate  a  low  state  of  health, 
and  may  precede  the  formation  of  urinary  calculi. 

4.  Uric  Acid  and  Urates, — In  acute  fevers  or  exacerbations  of 
chronic  febrile  conditions  these  are  frequent.  In  a  state  of  health  a 
deposit  often  occurs  after  excessive  bodily  exertion,  profuse  sweating, 
excess  of  food,  late  hours,  etc.  A  sediment  of  uric  acid  alone  is  very 
infrequent,  but  it  has  been  met  with  in  leukaemia.  If  the  uric  acid  is 
deposited  early  in  fresh  urine  it  points  to  a  uric  acid  diathesis,  gravel, 
or  the  formation  of  a  calculus.  The  occasional  appearance  of  urates 
or  of  uric  acid  is  of  no  importance;  it  is  only  their  constant  or  frequent 
occurrence  that  indicates  some  error  in  one  or  more  of  the  body  func- 
tions. The  deposit  is  frequently  present  in  derangements  of  the 
digestive  and  hepatic  functions.  Very  red  urates  are  commonly  asso- 
ciated with  disease  of  the  liver. 

5.  Oxalate  of  lAme. — Schultzen  states  that  there  is  a  daily  excre- 
tion of  0.1  gram  of  the  oxalate,  but  it  is  increased  after  certain  foods, 
drugs,  or  irregularities  of  diet;  thus  after  sugar  in  excess,  tomatoes, 
rhubarb,  sorrel,  gentian,  valerian,  etc. ;  also  after  excesses  of  carbonated 
drinks,  such  as  champagne,  seltzer,  or  soda  water,  etc.,  or  of  alkaline 
bicarbonates  or  alkaline  salts  of  the  vegetable  acids ;  likewise  in  dis- 
turbed respiration,  hindering  absorption  of  oxygen,  and  thus  leading  to 
incomplete  oxidation  of  certain  of  the  non-nitrogenous  constituents  of 
the  food,  as  in  chronic  pleurisy,  tubercle  of  the  lung,  emphysema,  and 
in  dyspepsia,  etc.  It  may  show  itself  also  in  subacute  rheumatism, 
diseases  of  the  spinal  cord,  pityriasis,  or  spermatorrhoea ;  and  Meckel 
is  of  opinion  that  a  deposition  of  the  oxalate  occurs  in  the  mucus  of  the 
urinary  tract  under  certain  specific  catarrhal  conditions.  A  deposit  of 
this  body  is  frequently  found  associated  with  a  series  of  nervous  and 
dyspeptic  symptoms  indicating  what  is  termed  an  oxalic  acid  diathesis, 
and  constituting  oxaluria ;  a  modified  form  of  this  may  also  accompany 
many  diseased  conditions,  as  anaemia,  cancer,  and  jaundice.  Excess  of 
acid  in  the  system,  moreover,  is  said  to  cause  an  increase  in  the  discharge 
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of  the  oxalate,  together  with  an  excess  of  phosphate  of  lime — a  condition 
frequently  associated  with  flatulent  dyspepsia. 

In  most  of  these  diseases  in  whicn  the  oxalate  is  abundant  there  is 
probably  more  or  less  of  an  increased  tissue  metabolism,  the  urine  at 
the  same  time  containing  an  excess  of  urea,  urates,  and  phosphoric  acid. 

The  crystals  of  this  body  are  soluble  in  a  solution  of  acid  sodie 
phosphate ;  after  the  urine  has  been  passed  this  phosphate  gradually 
diminishes,  and  accordingly  the  oxalate  is  deposited. 

6.  Hippuric  Acid. — After  the  use  of  fruit,  particularly  cranberries, 
after  the  ingestion  of  benzoic  acid,  and  in  cases  of  diabetes  and  chorea. 

7.  Tyrosin  indicates  a  great  decomposition  of  protein  substances, 
but  at  the  same  time  the  occurrence  of  some  break  in  the  continued 
downward  metamorphosis,  as  in  acute  atrophy  of  the  liver. 

8.  Xanthin  and  Hypoxantldn  have  been  observed  in  leukaemia  and 
after  the  use  of  sulphur  baths. 

9.  Cholesterin  has  been  found  accompanying  purulent  discharges 
and  in  old  inflammations  of  the  kidney  and  its  pelvis. 

10.  Sarcinoe  are  frequent  in  spinal  cord  affections,  together  with 
pus,  phosphates,  and  ammonic  carbonate  (Heller). 

11.  Algce  and  Fungi  appear  particularly  in  diabetic  urine. 


CHAPTER  XXIX. 

URINARY  CA^TS. 


In  most  cases  of  renal  disease,  such  as  congestion,  inflammation, 
and  the  like,  in  which  albumen  makes  its  appearance  in  the  urine,  we 
also  find  casts  of  the  uriniferous  tubules,  but  the  casts  appear  later  than 
the  albumen  (Overbeck).  With  the  appearance  of  albumen  in  the 
urine  a  diseased  condition  of  the  epithelial  lining  of  the  urinary  tubules 
sets  in  (Senator)  ;  but  Perls  has  obtained  casts  by  compressing  the 
renal  veins,  without  any  diseased  condition  of  the  epithelium  showing 
itself;  the  occurrence,  nevertheless,  of  a  primary  disease  of  the  glom- 
eruli in  these  cases  is  very  probable  (Nussraum).  Some  of  the  fibrin- 
formers  in  the  blood  transude  into  the  tubes,  and  there  undergoing 
coagulation  form  casts  of  these  tubes,  and  according  to  the  condition 
and  character  of  the  tube  at  the  time  the  appearance  of  the  cast  will 
vary.  When  the  cast  is  dislodged  and  forced  onwards  it  may  carry 
with  it  the  epithelium  that  lined  the  tube,  or  it  may  be  a  mould  of  the 
lumen  of  the  tube  alone ;  of  course  when  the  cells  are  discharged  with 
the  cast  their  character  may  often  afford  evidence  of  the  condition  of 
the  kidney :  thus,  should  the  epithelium  be  degenerating,  the  altered 
cells  will  give  evidence  of  this  ;  so  also  the  presence  of  blood  corpuscles 
would  indicate  hemorrhage,  and  that  of  pus  cells  the  existence  of  sup- 
puration. 

It  is  difficult,  however,  to  understand  how  a  cast  of  a  convoluted 
tube  could  find  its  way  into  the  urine  if  it  has  first  to  pass  through  the 
narrow-looped  tube  of  IIexle,  unless  this  had  previously  undergone 


URINARY  CASTS. 


dilatation,  whicb  U  just  possible ;  and,  on  the  other  hand,  it  does  not 
appear  probable  that  all  the  casta  found  in  the  urine  come  from  the 
collecting  tubes  alone,  although  Virchow  was  long  of  opinion  that 


A.  Btaai  aitU.—I.  Epithelial  culs:  themiddli 

S-^TnllnecMUotUrMiiiid.iqBlldiimE— .    - ,  „„. 

a  RnoJCWli.— alD  nnormaliDd  A  tnisUuoCtatty  Jewnentlon;  c,  free  filtr  granulea. 
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almost  constantly,  if  not  invariably,  the  casts  were  formed  in  these 
tubes.  It  is  possible  also  that  small  casts  may  grow  larger  by  successive 
deposition  of  new  layers  on  their  exterior. 

Clauifloation  of  Casta, — Casts  are  of  various  kinds,  of  which  the 
following  are  examples : — 

1.  1.  Epithelial,  which  indicate  a  desquamation  of  the  urinary 
tubules. 

2.  Hyaline  mostly  long  and  narrow,  and  often  so  transparent  and 
homogeneous  as  to  escape  observation  unless  the  deposit  baa  been  treated 
with  some  iodine  or  magenta  solution.  Most  of  these  hyaline  casts 
swell  up  in  pure  water,  and  dissolve  in  it  between  30°  to  40°  or  at  60°. 
They  are  also  soluble  in  10  per  cent,  solutions  of  carbonate  of  soda  or 
ammonia,  in  the  mineral  acids  and  the  caustic  alkalies  ;  tbej  shrink  np 
in  alcohol,  and  in  solutions  of  tannic  acid  and  the  salts  of  the  heavy 
metals ;  and  when  heated  with  Millon'a  reagent  are  colored  violet. 
These  may  be  the  so^salled  fibrin  cj/lindera  or  the  amyloid  casts,  the 
latter  of  which  glisten  like  wax  and  are  perfectly  homogeneous,  hut 
giving  the  blue  reaction  with  iodine  and  sulphuric  acid. 
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3.  Brownish  yellow  micleated  or  granular  casts  are  generally  wider 
in  diameter  than  the  hyaline  casts,  and  often  present  fatty  particles  or 
degenerated  epithelial  cells  in  their  interior.  They  do  not  swell  up  in 
water  or  in  solution  of  sodium  chloride  or  carbonate,  nor  shrink  in  alco- 
hol or  tannic  acid ;  but  they  dissolve  in  hydrochloric  (1  per  cent.)  and 
glacial  acetic  acid,  and  in  alkaline  solutions. 

4.  Fatty  Casts. — The  fatty  particles  may  be  studded  over  a  trans- 
parent cast  or  collected  in  dark  granular  masses. 

5.  Blood  Casts  may  appear,  sometimes  consisting  almost  entirely 
of  blood  corpuscles  closely  adherent  and  not  much  altered  in  appear- 
ance, or  presenting  a  few  scattered  corpuscles  along  a  fibrinous  cast,  or 
of  corpuscles  that  have  been  as  it  were  crushed  together. 

6.  Pits  Casts  have  also  been  described. 

Reddish  brown  cylinders,  made  up  of  collections  of  urates  or  accu- 
mulations of  bacteria,  may  make  their  appearance  in  urine. 

II.  CbrmY.  admits  four  varieties  of  casts — mucous,  albuminous  or 
hyaline,  epithelial,  and  fibrinous,  (1)  The  mucous  are  pale,  with  ill- 
defined  outline,  and  occasionally  with  a  finely  granular  aspect ;  they 
are  not  stained  by  carmine.  (2)  The  albuminous  or  hyaline  possess 
well-marked  outlines,  and  are  often  very  long  and  twisted ;  they  are 
soluble  in  caustic  potash,  insoluble  in  acetic  acid,  and  colored  by  iodine 
and  carmine.  (3)  The  epithelial  present  swollen  epithelial  cells,  that  are 
generally  very  granular  in  appearance  and  infiltrated  with  fatty  particles. 
(4)  The  fibrinous  are  finely  striated  or  granular,  often  containing  blood 
corpuscles  and  swelling  up  and  becoming  more  hyaline  in  acetic  acid. 

III.  Leube  gives  the  following : — 

1.  Blood  castti,  consisting  of  coagulated  blood. 

2.  ILualine  cdsts,  mostly  very  small  and  colorless,  and  may  be 
homogeneous,  slightly  striated,  or  molecular  iji  appearance ;  they  may 
contain  leucocytes  or  epithelial  cells,  and  are  stron<xlv  colored  bv 
iientlanin. 

These  are  irenerallv  rcfrarded  as  fibrinous,  but  more  correctly  they 
should  be  looked  on  as  albuminoid  in  their  nature,  as  thev  do  not  give 
the  reactions  of  fibrin  (Hovida).  That  they  arise  a.s  the  result  of  a 
coaii;ulation  of  some  kind,  under  the  influence  of  dying  leucocytes, 
there  seems  every  reason  to  believe ;  and  it  may  be  possible  that  the 
fibrin  has  })een  metamorphosed  in  some  way. 

3.  Ejfi'theliaL — ((/)  Simple  unaltered — the  cells  distinct,  (b)  Meta- 
mo7'jf/iosed  epitlieliani — <^enerally  yellowish  in  color ;  the  epithelial 
characters  not  always  very  evident ;  sometimes  the  appearance  may  be 
almost  homogeneous, 

Tliey  are  generally  broa<ler  than  the  hyaline  casts,  and  may  pre- 
sent in  their  interior  more  or  less  altered  epithelial  cells,  fatty  particles, 
micrococci,  wandering  cells,  crystals,  or  precipitates  of  uric  acid,  etc. 

The  cells  of  the  e})ithelial  casts  either  break  up  into  a  finely  gran- 
ular nuiss,  whicli  later  assumes  a  hyaline  apj)earance,  or  they  may 
swell  up,  run  together,  and  become  homogeneous  at  once. 

Examination  of  Casts. — The  specimen  of  urine  should  be  laid 
aside  in  a  small  conical  vessel  and  allowed  to  settle.  With  a  pipette  a 
little  of  the  sediment  is  removed  and  examined  under  the  microscoj)e. 
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On  account  of  the  transparency  of  some  of  the  casts  the  examination 
should  be  made,  in  case  of  doubt  or  difficulty,  with  a  comparatively 
faint  illumination  through  a  small  diaphragm,  and  sometimes  it  is  ad- 
visable to  stain  the  deposit  with  a  little  magenta ;  and  where  there  is 
very  little  sediment  it  is  often  advantageous  to  allow  the  deposit  to 
form  in  a  pipette  whose  upper  orifice  is  closed. 

Fatholog^. — In  in  any  affections,  such  as  fevers,  severe  inflammations,  and 
the  like,  casts  may  appear*  in  the  urine,  and  probably  result  from  some  affec- 
tion of  the  kidneys  (congestion  or  the  like)  dependent  upon  the  primary  dis- 
ease ;  but  simple  hypersemia  of  the  kidneys,  it  should  be  remembered,  does 
not  necessarily  produce  casts.  Casts  are  generally  present  in  albuminuria  of 
renal  origin ;  but  in  some  forms  of  renal  affection  they  are  very  scanty,  and 
accordingly  difficult  of  detection.  Casts  are  found  in  (1)  acute  nephritiSj 
either  i(&opathic  or  as  a  sequela  of  scarlatina,  cholera,  typhus,  or  variola ;  and 
in  (2)  cJhronic  BrigMs  disease.  Although,  therefore,  casts  point  to  renal 
affection,  we  must  not  at  once  conclude  the  existence  of  Bright's  disease.  The 
irritation,  for  example,  of  a  renal  calculus  may  induce  their  formation ;  and 
in  the  urine  of  jaundice  they  may  be  found  without  any  renal  disease ;  indeed, 
it  is  possible  for  an  occasional  cast  to  be  found  in  perfectly  healthy  urine. 

Significance  of  Casts. — We  must  not  expect  to  find  in  one  case  ephithe- 
lial  casts  alone,  in  another  only  granular  casts,  in  another  fatty  casts,  and  in 
another  large  waxy  casts,  and  so  on ;  but  several  varieties  may  be  met  with  in 
the  same  case,  and  the  diagnosis  must  be  founded  upon  the  relative  proportion 
of  the  different  casts  and  of  other  deposits,  as  no  one  form  can  be  regarded  as 
pathognomonic  of  any  particular  disease  of  the  kidneys.  Thus  the  presence 
of  uric  acid  crystals,  blood  corpuscles,  and  renal  cells  points  to  the  case  being 
acute  while  the  occurrence  of  a  number  of  oil  casts  renders  it  probable  that 
the  case  is  chronic  (Reale).  Epithelial  and  blood  casts  as  a  general  rule  are 
typical  of  a  disease  of  recent  origin ;  transparent,  large  waxy  casts,  mixed 
with  dark  granular  casts  point  to  a  chronic  disease ;  and  epithelium  and  casts 
containing  much  fat  indicate  fatty  degeneration  (Roberts). 

Hyaline  cylinders  are  found  in  all  cases  of  albuminuria^  whether  of  ner- 
vous or  organic  origin,  and  in  urine  of  fevers^  and  they  are  especially  frequent 
in  glomerular  nephritis  and  contracted  kidney^  although  in  this  last  epithelial 
casts  are  also  present.  The  few  casts  that  are  met  with  in  amyloid  kidney  are 
mostly  hyaline;  but  as  this  latter  condition  is  frequently  associated  with 
chronic  inflammation  other  forms  of  casts  may  be  present,  as  also  leucocytes  and 
blood  corpuscles.  In  chronic  nephritis  especially  the  number  of  casts  is  par- 
ticularly great,  and  there  may  be  nucleated  epithelial  casts,  or  hyaline  casts 
very  broad  and  long,  pale  or  dark  yellow ;  and  together  with  the  casts  blood 
corpuscles,  fatty  detritus,  and  degenerated  fatty  cells  are  present.  In  acute 
croupous  nephritis  the  number  of  the  casts  is  also  considerable,  and  they  may 
be  of  the  hyaline  or  epithelial  variety ;  they  are  a.ssociatcd  with  a  copious  de- 
posit of  blood  corpuscles  and  epithelial  cells  from  the  kidney. 


CHAPTER   XXX. 

CALCULI. 


Ix  the  following  chapter,  for  the  sake  of  convenience,  biliary  as  well 
as  urinary  calculi,  etc.,  will  be  considered.  The  substances  that  go  to 
form  these  bodies  are  comparatively  few  in  number.     They  are  uric 
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acid  and  urates,  phosphate  of  lime  and  magnesia,  oxalate  and  carbonate 
of  lime,  carbonate  of  magnesia,  cholesterin,  xanthin,  cystin,  biliary 
pigments,  and  coagula. 

Occasionally  calculi  may  consist  entirely  of  one  constituent,  but  it 
is  more  frequent  to  find  two  or  more  arranged  in  layers ;  but  although 
most  usually  consisting  of  several  constituents,  one  generally  predom- 
inates, and  the  calculus  is  named  accordingly.  The  combinations  most 
commonly  met  with  are  uric  acid  and  urates ;  uric  acid,  urates,  and 
earthy  phosphates ;  oxalate  of  lime  and  earthy  phosphates ;  uric  acid, 
urates  and  oxalate  of  lime ;  uric  acid,  urates,  oxalate  of  lime,  phos- 
phate and  carbonate  of  lime,  and  triple  phosphate.  These  calculi  are 
usually  formed  of  layers,  generally  concentrically  arranged  around  a 
nucleus  of  some  kind,  which  may  be  a  small  calculus  of  renal  origin, 
a  clot  of  blood,  some  mucus,  epithelium,  or  a  foreign  body ;  and  in  the 
case  of  uric  acid  calculi  oxalate  of  lime  very  frequently  forms  the  nu- 
cleus, while  for  other  calculi  the  most  frequent  nucleus  is  uric  acid 
itself. 

In  80-9  per  cent,  urinary  calculi  the  nucleus  consists  of  uric  acid 
or  urates,  in  8-6  per  cent,  of  earthy  phosphates,  in  5'6  per  cent,  of 
calcium  oxalate,  in  3*3  per  cent,  of  foreign  bodies,  and  in  1*4  per  cent, 
of  cystin  (Ultzmann). 

The  following  is  the  frequency  per  cent,  of  the  different  urinary 
calculi  (FouRCROY  and  Vauquelin)  : — 

Per  cent. 

Uric  acid 25  0 

Oxalate  of  lime       200 

Urat4>  of  ammonia  and  earthy  phosphates  .     ^  11 '7 

Oxalate  of  lime  and  uric  acid  in  layers    ,     .     .     .  5  0 

Oxalate  of  lime  and  earthy  phosphates  ....  2*5 

Earthy  phosphates        2  5 

All  other  calculi,  as  cystin,  xanthin,  etc.       ...  B^'S 

To  see  the  concentric  layers  of  a  calculus  divide  it  equatorially 
with  a  fine  saw,  then  grind  the  cut  surface  on  a  hone  with  water,  and 
having  washed  and  dried  it,  apply  a  coat  of  varnish.  In  the  case  of 
small  brittle  calculi  it  is  better  to  grind  half  the  calculus  away.  No 
definite  crystalline  structure  is  usuallv  to  be  seen  unless  occasionallv  on 
the  surface. 

Different  Forms  of  Calculi,  with  their   General   Characters. — 1. 

Most  frequent  urinary  calculi  are  those  consisting  of  ?/m*  acid.  To 
other  calculi  they  may  be  said  roughly  to  stand  in  the  proportion 
of  two  to  three,  or  according  to  some  authorities  they  form  only  one- 
fourth  of  all  calculi.  They  are  hard,  generally  of  a  flattened  ovoid 
shape,  and  of  all  sizes  from  a  pin's  head  up  to  a  goose's  egg ;  in  color  they 
are  reddish  or  yellowish  brown,  smooth  or  slightly  tuberculated  on  the 
surface,  and  crystalline  or  earthy  in  structure,  consisting  of  a  series  of 
concentric  layers.  The  calculus  evolves  an  odor  of  burnt  horn  when 
heated  on  platinum  foil,  and  is  soluble  in  a  dilute  warm  solution  of 
caustic  |)Otaslu  from  which  it  is  precipitated  by  carbonic  or  acetic  acid. 
2.  Urates. — These  calculi  usually  contain  soda,  ammonia,  and  lime, 
and  commonly  oxalate  of  lime  is  also  present. 
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(a)  Urate  of  ammonia  calculi  are  rare,  being  occasionally  met  with 
in  young  children.  They  are  small,  rounded,  smooth  or  slightly  tuber- 
culated,  and  of  a  pale  slate  or  clay  color,  but  in  the  fresh  state  of  a 
dull,  opaque  white. 

(6)  Simple  urates  of  soda  and  lime  are  not  found  forming  calculi  of 
themselves,  but  they  are  often  present  with  other  bodies. 

3.  Oxalate  of  lime  calculi  are  frequently  met  with,  according  to 
«ome  authorities  forming  one-fifth  of  all  calculi.  They  have  most 
<5ommonly  a  nucleus  of  uric  acid  or  urate  of  lime,  and  are  often  of  con- 
siderable size,  brownish  in  color  or  of  a  dark  olive  or  dirty  purple  tint 
(mulberry  calculi),  and  possessing  a  very  irregular  and  rugged  surface, 
by  which  they  can  be  recognized.  They  may  also  be  met  with  in  the 
form  of  small  oval  or  rounded  bodies,  smooth  and  even  polished  on  the 
-exterior — the  so-called  hemp-seed  calculi.  The  white  crystalline  vari- 
ety is  comparatively  unfrequent.  An  oxalate  stone  with  a  phosphatic 
<;ru8t  is  a  frequent  form.  Most  mixed  calculi  contain  more  or  less  of 
the  calcic  oxalate. 

The  powdered  calculus  is  insoluble  in  acetic  acid,  but  readily 
soluble  in  dilute  mineral  acids,  and  precipitable  therefrom  by  ammonia 
in  excess. 

These  calculi  may  begin  to  be  formed  in  the  kidneys,  and  when 
they  arrive  in  the  bladder  fresh  oxalate  may  be  deposited,  or  uric  acid 
or  phosphates,  according  to  the  condition  of  the  urine. 

4.  Calculi  of  the  phosphates  are  common.  Less  than  10  per  cent, 
of  all  calculi  have  a  nucleus  of  mixed  phosphates,  but  they  enter  into 
the  composition  of  at  least  34  per  cent.  They  are  generally  light  in 
oolor  and  earthy  in  appearance.  While  tlie  phosphates  are  very  often 
deposited  on  other  calculi  it  is  rare  to  find  uric  acid,  urates,  or  oxalate 
of  lime  deposited  on  the  phosphates. 

The  mere  presence  of  deposits  of  the  earthy  phosphates  in  the  blad- 
der, without  the  presence  of  some  binding  material  like  mucus  or  blood, 
is  insufficient  to  give  rise  to  a  calculus  (Thudichum). 

(a)  Phosphate  of  lime  calculi  are  usually  smooth  on  the  surface, 
and  their  lamellae  are,  as  a  rule,  very  regularly  arranged,  separating 
readily  in  thin  crusts.  They  are  almost  infusible  before  the  blowpipe. 
These  calculi  are  easiFy  soluble  in  nitric  acid,  and  are  precipitated  in  a 
gelatinous  form  from  this  solution  by  excess  of  ammonia.  If  the  pre- 
•cipitate  is  dissolved  in  acetic  acid  the  solution  will  give  a  yellowish 
white  precipitate  of  phosphate  of  iron  on  the  addition  of  a  drop  of 
ferric  chloride,  and  a  white  precipitate  of  oxalate  of  lime  on  the  ad- 
dition of  oxalate  of  ammonia. 

These  calculi  are  sometimes  found  in  the  kidney. 

(J)  The  triple  or  ammoniaco-magnesian  phosphate  is  somewhat  rare 
as  the  sole  constituent  of  a  calculus,  but  it  constitutes  a  large  bulk  of 
the  mixed  forms.  It  is  of  a  drab  or  stone  color  and  its  surface  is 
rough.  It  is  easily  soluble  in  hydrochloric  acid  and  precipitated  there- 
from by  neutralization  with  ammonia;  boiling  with  caustic  potash  de- 
composes it,  causing  ammonia  to  be  evolved  and  magnesia  to  be  pre- 
cipitated. This  calculus  swells  up,  gives  off  ammonia,  becomes  gray, 
and  ultimately  fuses  in  the  blowpipe  flame. 
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(c)  The  ftisible  calculus  is  a  mixture  of  the  triple  phosphate  and 
of  the  phosphate  of  lime,  with  a  considerable  admixture  of  mucus  and 
organic  matter.  Next  to  uric  acid  it  is  the  most  common  component  of 
calculi.  This  calculus  is  generally  oval  or  irregular  in  shape  and  re- 
sembles chalk  in  appearance  and  consistency,  the  hardness  being  nearly 
inversely  proportional  to  the  amount  of  triple  phosphate  present.  It  is 
easily  fusible  before  the  blowpipe  without  being  consumed,  a  property 
that  characterizes  it  and  has  given  to  it  its  name,  evolving  ammonia 
and  watery  vapor  in  the  process,  and  leaving  behind  a  mixture  of  calcic 
phosphate  and  magnesic  pyrophosphate. 

The  powdered  calculus  is  readily  soluble  in  mineral  acids,  and  is 
reprecipitated  in  stellate  crystals  by  neutralizing  with  ammonia. 

5.  Xanthin  and  cystin  calculi  are  extremely  rare,  particularly  those 
of  xanthin.  The  xanthic  calculus  (CjH^N^Og)  is  of  a  light  or  dark 
yellowish  brown  color,  with  occasional  scattered  white  spots  glistening 
like  wax  on  friction.  It  is  almost  insoluble  in  water,  alcohol,  and 
ether,  but  soluble  in  alkalies  and  in  warm  hydrochloric  acid ;  its  solu- 
tion in  nitric  acid  leaves  a  bright  reddish  yellow  residue  on  evaporation, 
which  becomes  a  violet  red  (not  a  purple  color,  as  in  the  case  of  uric 
acid)  when  treated  with  caustic  potash.  Xanthin  solutions  give  a 
voluminous  yellow  precipitate  with  phosphomolybdic  acid.  Xanthin 
belongs  to  the  uric  acid  group  of  bodies  and  is  closely  related  to  sarkin. 
It  has  also  been  found  in  very  small  amount  in  the  spleen  and  liver 
and  in  muscle. 

The  cj/stin  cahmlus  is  more  or  less  transparent  and  waxy  in  appear- 
ance and  crvstalline  in  structure.  Cvstin  calculi  soarcelv  form  1  ])er 
cent. :  tliey  are  generally  small  and  may  consist  of  pure  cystin,  when 
they  are  of  a  yellowish  white  or  a  pale  greenish  gray  color,  or  of  cvstin 
combined  with  earthy  phosphates,  when  they  are  dirty  greenish  blue  or 
gray,  or  of  a  faAvn  brown.  Cystin  dissolves  readily  in  ammonia,  and 
the  solution  on  evaporation  leaves  pure  cystin  in  six-sided  plates. 

6.  Fihrinous  calculi^  probablv  only  the  residues  of  altered  blood 
clots,  reseni])le  vellow  wax,  and  are  soluble  in  acetic  acid  and  caustic 

« 

potash,  1)ut  insoluble  in  water,  alcohol,  and  ether. 

7.  Concretions  of  hJood  and  of  fnttif  or  sapoiiaceous  suhstaw^e 
[iirostcafith)  are  occasionally  met  with,  as  also  calculi  of  siJica  and  car- 
honatc  of  linw.  The  carbonate  of  lime  calculi  are  often  foun<l  in  the 
herbivora,  and  they  may  show  themselves  in  great  numbers  in  the  kid- 
neys of  these  animals.  Thev  are  mostlv  white,  but  at  times  of  a  brown 
or  violet  color. 

8.  ( '(fh'uli  of  cJtnJrsfrrin,  iz-enerally  mixed  with  more  or  less  bili- 
rubin  and  calcic  phosphate,  which  are  frequent  in  the  gall  bladder, 
have  also  been  met  Avitli  in  the  urinarv  bladder,  in  which  case  there  is 
generally  a  layer  of  uric  acid.  But  there  is  some  doubt  as  to  this 
form  of  calculus,  and  in  one  of  the  cavses  in  which  it  was  found  a  com- 
nmnication  existe<l  between  the  gall  bladder  and  the  urinary  bladder 
through  a  ])atent  uracil  us. 

\K  J^ro.sfafic  cffJcuIi. — These  are  found  in  the  follicles  of  the  gland ; 
they  vary  much  in  size,  and  are  more  or  less  rounded,  with  flattened 
sides,  consisting  of  j»Iiosi>hate  of  lime  with  traces  of  carbonate  of  lime 
and  oriranic  matter. 
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10.  Calculi  may  also  be  met  with  in  the  nasal  fossae,  in  the  bron- 
chial tubes,  in  the  salivary  glands,  and  in  the  intestines.  These  consist 
generally  of  mucus,  epithelium,  albumen,  and  earthy  phosphates  and 
carbonates,  and  sometimes  also  a  little  fat.  Indigo  has  been  found  in 
a  renal  calculus  (Ord). 

Preliminary  Examination  of  a  Urinary  Calcnlus.— Make  a  section 
through  the  centre  and  scrape  some  of  the  substance  oflf  one  of  the  cut  sur- 
faces ;  sometimes  it  will  be  advisable  to  make  independent  analyses  of  the 
different  layers,  in  which  case,  of  course,  portions  of  these  layers  will  be  col- 
lected. A.  Some  of  the  powdered  calculus  is  calcined  on  platinum  /oil. 
The  foil  is  heated  to  redness  in  the  flame  of  a  spirit  lamp,  and  if  a  carbonized 
mass  remains  the  red  heat  is  to  be  continued  until  it  disappears  or  forms  a 
whit<j  ash.  (1)  If  it  is  carbonized,  then  burns,  and  leaves  no  sensible  residue, 
it  most  probably  consists  of  uric  acid,  urate  of  ammonia^  or  such  rare  bodies 
as  cystin^  xantkin,  or  fibrin.  (2)  If  it  carbonizes  at  first,  then  bums,  and 
leaves  a  sensible  residue,  it  contains  both  organic  and  mineral  constituents. 
Uric  acid  is  the  most  frequent  organic  constituent;  accordingly  it  should  be 
looked  for,  and  some  of  the  poicdered  calculus  should  be  boiled  with  excess  of 
wat^T  an*l  filtered  while  hot.  Let  the  filtrate  cool,  and  a  deposit  indicates 
urates  of  soda,  lime,  or  potash;  or  evaporate  the  filtrate  to  the  sixth  of  its 
volume,  and  uric  acid  and  any  urates  present  will  be  thrown  down.  Ammonia, 
lime,  and  magnesia  may  also  be  present,  and  these  can  be  detected  as  follows : 
Boil  a  little  of  the  filtrate  with  a  few  drops  of  caustic  potash,  and  test  the 
vapor  given  off  with  a  rod  moistened  with  hydrochloric  acid ;  the  presence  of 
ammonia  will  be  indicated  by  white  fumes  as  well  as  by  the  smell.  Then  add 
to  the  rest  of  the  filtrate  some  chloride  of  ammonium  and  carbonate  of  soda : 
a  white  precipitate  indicates  liine;  filter,  and  add  to  the  filtrate  a  little  ammonia 
and  sodic  phosphate :  a  precipitate  indicates  magnesia. 

The  residue  insoluble  in  the  boiling  water  may  contain  phosphates  or  oxa- 
lates. Treat  it  with  acetic  acid  and  filter.  The  filtrate  will  contain  the  earthy 
pliosphates. 

Wash  the  residue  and  dissolve  it  in  hydrochloric  acid :  if  it  dissolves  with- 
out effervescence,  and  the  solution  supersiiturated  with  ammonia  gives  a  crys- 
talline precipitate,  oxalate  of  lime  is  present. 

(3)  If  the  calculus  leaves  a  residue  and  undergoes  little  or  no  blackening 
under  the  heat,  it  is  composed  of  inorganic  substances,  of  which  the  most  fre- 
quent are  oxalate  of  lime  and  the  phosphates. 

B.  Digest  some  of  the  powdered  calculus  with  caustic  ammonia,  filter,  and 
evaporate  the  filtrnte,  when,  if  cystin  is  present,  microscopic  hexagonal  tables 
will  be  obtained,  which  dissolve  in  camjtic  potash,  and  when  boiled  with  an 
alkaline  solution  of  plumbic  oxide  give  a  deposit  of  lead  sulphide. 

C.  Dissolve  a  little  of  the  calculus  in  nitric  acid  and  evaporate  the  solution 
to  dryness :  (a)  a  yellow  residue  rendered  orange  by  caustic  potash  in  the  cold, 
but  violet  when  heated,  indicates  xanthin;  while  (b)  a  pmA:  residue  which  gives 
3l  purple  color  with  ammonia  marks  uric  acid. 

Examination  of  a  Biliary  Calculus.— -Biliary  calculi  (see  Bile)  may  con- 
tain any  of  the  following:  cholesterin,  pigments,  biliary  acids,  mucus  and 
epithelium,  earthy  stdts,  particularly  carbonate  of  lime,  and  fats,  like  palmitin. 
Cholesterin  is  the  most  abundant  ingredient,  and  often  it  occurs  iilone  or  com- 
bined with  a  variable  amount  of  biliiiry  pigment. 

Analysis. — Powder  the  calculus,  digest  with  hot  alcohol,  and  filter:  the 
filtrate  contains  fat  and  cholesterin ;  the  latter  m\\  separate  in  crystals  on  the  al- 
cohol cooUng,  and  the  fat  will  be  obtained  by  evaporating  the  alcoholic  solution 
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after  the  separation  of  the  cholesterin.  Some  of  the  resinous  products  of 
the  decomposition  of  bile  may  also  be  found  with  the  fat.  The  residue  left 
after  the  action  of  the  alcohol  is  to  be  treated  with  dilute  hydrochloric  acid, 
which  dissolves  up  the  inorganic  salts,  and  any  effervescence  will  indicate  the 
presence  of  carbonic  acid.  The  undissolved  residue  consists  of  biliary  pig- 
ments, which  are  to  be  tested  with  nitric  acid. 

The  following  method  may  be  adopted :  Digest  a  little  of  the  powdered 
calculus  with  hot  benzole  and  filter ;  this  removes  the  cholesterin.  Wash  the 
residue  with  alcohol,  then  dry  it  and  treat  it  with  ether  and  a  few  drops  of 
nitric  acid ;  the  fatty  acids  are  thus  removed.  What  is  left  on  the  filter  is  now 
washed  with  water,  when  the  phosphates  and  nitrate  of  lime  and  magnesia  are 
extracted.  The  final  residue  contains  the  biliary  pigments  mixed  with  a  little 
earthy  salts  (Thudichum). 

So  far,  then,  as  the  action  of  heat  is  concerned  we  find  that  calculi 
may  be  arranged  in  three  classes* 

1.  Combustible — uric  acid,  urate  of  ammonia,  cystin,  xanthin, 
cholesterin,  biliary  pigments,  and  coagula. 

2.  Partially  combustible — urates  of  soda^  potash  and  lime,  and 
oxalate  of  lime. 

3.  Incombustible — inorganic  constituents  alone. 

By  means  of  the  following  table  (Salkowski)  a  calculus  can  be 
readily  identified. 

Powder  the  calculus  finely  and  bum  a  little  on  platinum  foil,  noting 
whether  it  consumes  away  completely  or  only  partially. 

I.  Completely  Combustible. — Digest  a  little  of  the  powder  with 
dilute  hydrochloric  acid  and  warm  gently. 

a.  Tlie  powder  dissolves  completely  or  nearly  so:  cystin^  xanthin. 

(1)  Treat  a  little  of  the  powdered  calculus  with  ammonia  and  filter:  on 
evaporating  the  filtrate  cystin  crystals  are  left  behind. 

Cystin  stones  are  generally  small,  smooth,  and  yellow. 

(2)  Dissolve  a  little  of  the  powdered  calculus  in  a  porcelain  dish  with  nitric- 
acid  and  evaporate:  a  bright  yellow  xanthin  residue,  that  becomes  violet  red 
when  treated  with  caustic  potash. 

Xanthin  stones  are  very  rare. 

b.  The  powder  dissolves  imperfectly  or  not  at  all.  Filter,  and  wash  the 
insoluble  n^sidue. 

( 1  )  The  residue :  uric  acid. 

Ocuifirni  by  the  murexid  test. 

The  stones  are  variable  in  si/.e.  moderately  hard,  and  reddish  yellow  or 
brownish  in  color. 

('I)  TW Jiltrate  may  contain  aninioniuni  chloride,  xanthin,  or  cystin. 

Try  for  aninmnia  by  warming  a  little  of  the  solution  with  sodic  carbonate 
or  hydrate,  and  tcstintr  the  vapor  by  the  smell,  with  red  litnms,  and  with  hydro- 
chloric acid  funics. 

Stones  of  urate  of  ammonia  are  mostly  very  friable  and  of  a  dirty  <jTJmsli 
or  ycllowi.sli  white  color. 

A  mixture  of  xanthin  and  cystin  is  rare. 

II.  The  cah'uluH  blacJrrns,  hut  is  not  combustible,  A  slight  black- 
ening indicates  the  presence  of  an  organic  urinary  constituent. 

Diirost  some  of  the  finely  powdered  calculus  with  dilute  hydrochloric  acid 
over  a  flame :  a  raj)id  escape  of  bubbles  indicates  car})onic  anhydride. 


SYLLABUS   OF   PRACTICAL   COURSE.  445 

a.  Solution  complete :  absence  of  uric  acid. 

b.  Solution  incomplete.  Filter:  the  residue  may  be  uric  acid  or  an  albu- 
minous body.  The  presence  of  uric  acid  is  easily  determined  by  the  murexid 
reaction. 

Render  the  filtrate  weakly  alkaline  with  ammonia,  and  let  the  test  tube 
containing  it  stand  in  some  cold  water  for  a  short  time ;  then  boil  it  and  acidify 
with  acetic  acid :  either  a  clear  solution  is  obtained  or  a  white  pulverulent  pre- 
cipitate. (Yellowish  white  flocks  occasionally  present  are  due  to  ferric  phos- 
phate. By  filtering  them  off,  dissolving  in  hydrochloric  acid,  and  testing  the 
solution  with  potassic  ferrocyanide  a  blue  precipitate  is  obtained.) 

c.  The  white  pulverulent  precipitate,  insoluble  in  acetic  acid,  consists  of 
oxalate  of  lime.  Collect  it  on  a  filter,  wash,  dry,  and  ignite  it  on  platinimi 
foil :  carbonate  of  Ume  is  obtained,  mixed  with  a  little  caustic  lime ;  it  has  an 
alkaline  reaction,  and  eflfervesces  on  the  addition  of  hydrochloric  acid. 

d.  The  filtrate  may  contain  phosphoric  acid,  lime,  magnesia,  potash,  or 
soda. 

(1)  Test  a  portion  with  uranic  solution  or  a  drop  of  ferric  chloride:  a  yel- 
lowish white  precipitate  indicates  phosphoric  acid, 

(2)  Treat  the  rest  of  the  filtrate  with  oxalate  of  ammonia:  a  white  precipi- 
tate indicates  lime.     Warm  the  fluid  slightly  and  filter. 

(j)  To  a  part  of  th^  filtrate  add  a  little  sodic  phosphate  and  ammonia:  a 
crystalline  precipitate,  that  forms  gradually,  is  triple  phosphate  and  indicates 
mxignesia. 

(ij)  Examine  another  part  of  the  filtrate  for  ammonia  by  boiling  it  with 
carbonate  of  soda  and  testing  the  vapor  with  litmus,  etc. 

(iij)  Test  a  third  part  for  soda  and  potash  (although  this  is  scarcely  neces- 
sary) as  follows :  Evaporate  to  dryness,  ignite,  and  then  dissolve  up  the  residue 
in  water  to  which  a  few  drops  hydrochloric  acid  are  added ;  now  stir  well  in  a 
white  porcelain  dish  with  a  little  platinic  chloride,  and  a  yellow  crystalline  pre- 
cipate  indicates ^o^euA.  If  the  precipitate  is  transferred  to  a  slide  and  examined 
under  the  microscope  it  will  be  seen  that  the  crystals  of  the  potash  salt  are 
octohedral  and  do  not  polarize,  while  the  crystals  of  the  sodic  salt  are  acicular 
and  do  polarize.  The  flame  also  is  to  be  examined  spectroscopically,  when  a 
clean  platinum  wire  moistened  with  the  fluid  is  inserted  in  it;  note  also  if  the 
flame  is  bright  yellow,  or  if  it  shows  a  violet  tint  when  looked  at  through  a 
piece  of  cobalt  glass. 

In  phosphatic  stones  we  generally  find  both  lime  and  magnesia,  although 
the  crystalline  phosphate  of  lime  may  occur  alone ;  phosphatic  stones  are  also 
more  or  less  white  and  earthy-looking. 


CHAPTER  XXXI. 

SYLLABUS  OF  PRACTICAL   COU&SE. 

I.  Hydrocarbons. 

Starch. — 1.  Prepare  a  solution  (p.  34). 

2.  Note  the  precipitation  of  this  solution  by  tannic  acid  (p.  67). 

3.  Add  a  few  drops  of  solution  of  iodine  (p.  34)  to  a  little  of  the  starch 
solution,  and  a  blue  coloration  will  be  produced ;  also  irrigate  the  scrapings  of 
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a  sliced  raw  potato  upon  a  glass  slide  with  some  of  the  same  solution,  and  note, 
under  a  high  power  of  the  microscope,  the  dark  blue  staining  of  the  starch 
granules. 

4.  Add  to  some  gelatinous  starchy  mucilage  a  little  lukewarm  watery  in- 
fusion of  malt,  and  warm  gently  for  a  few  minutes,  when  a  thin  fluid  will  be 
obtained  containing  sugar.  Lay  this  aside,  and  test  it  afterwards  for  sujrar 
(p.  G6). 

5.  Starch  is  a  colloid.     Show  this  by  means  of  a  small  dialyser  (p.  66). 
Dextrin. — 1.  Prepare  by  boiling  a  little  starch  paste  with  dilute  sulphuric 

acid  (p.  67). 
•  2.  Test  with  iodine  solution,  and  note  the  red  coloration  obtained. 
3.  Note  its  precipitation  from  aqueous  solutions  by  the  addition  respectively 
of  alcohol,  lime  water,  and  a  mixture  of  ammonia  and  basic  acetate  of  lead,  but 
not  by  the  latter  salt  alone. 

Glycogen. — 1.  Prepare  by  BrI-ckes  method  (p.  69).  The  presence?  of 
glycogen  in  the  liver  ha«  thus  been  demonstrated. 

2.  Show  the  presence  of  sugar  in  the  liver ^  which  has  been  derived  from  a 
ijonversion  of  the  glycogen  (p.  72). 

3.  Prepare  the  liver  ferment  (p.  73). 

4.  Test  the  glycogen  with  iodine  solution,  and  note  the  reddish  coloration 
<p.73). 

5.  Test  also  with  caustic  potash  and  cupric  sulphate,  and  note  that  the  blue 
coloration  does  not  disappear  on  boiling  (p.  73). 

().  Convert  glycogen  into  sugar  according  to  the  methods  given   in  para- 
graphs 3,  4,  and  5,  pp.  73, 74,  and  lay  aside  to  be  subse<:|uently  tested  for  sugar. 
7.  Precipitate  a  watery  solution  with  acetat^i  of  lead. 
Grape  Sugar. — 1.   Prepare  from  cane  sugar  and  honey  (p.  77). 

2.  Boil  a  solution  with  half  it^  volumo  of  liquor  potasstv,  and  nott?  tlio 
brown  tint  acquired  by  the  liquid. 

3.  A])ply  the  copper  test  on  j).  1>^. 

4.  Test  with  cupric  h?u]phatc  an<l  caustic  potash  fp.  78). 

5.  Boil  a  little  of  the  solution  with  some  alkaline  solution  of  oxide  of  bis- 
muth (p.  80,  iij ),  and  note  the  brown  or  black  coloration  due  to  the  motallic 
reduction. 

().  Apply  i\n^  fermentation  test  according  to  method  a  or  J,  pp.  80,  81.  and 
exiuuiiic  the  irrowin;i  yeast  under  the  microscope  ( j).  82). 

7.   Determine  quantifativeli/  tin?  suirar  in  a  solution,  or  in  diabetic  urine — 
(a)  with  a  saccharimeter  (p.  S(i)  ; 
(h)  by  FEiiLi\(i's  method  (p.  ST); 
(r)  and  by  the  differential  density  method  (p.  00). 
Fafs. —  1.  iShake  up  a  little  oil  in  a  test  tube  with  some  white  of  egg,  and 
note  tlu;  I'orination  of  an  emuhion;  then  examine  a  drop  of  this  under  the 
niierosco}>e.  when  the  oil  will  be  seen  to  be  broken  up  into  small  globules,  varv- 
ini;  in  size  and  shape,  which  are  maintained  apart  by  their  albuminous  coatinjis. 
2.  Sliake  uj)   a  little   <»il   with   some  caustic   j)otash.  and  the  oil   will  Ix* 
,sapninjie(/. 

o.   A])j»ly  the  delicate  test  ( ]>.  \)7t,  1  )  for  the  presence  of  a  fatty  body. 

TI.  Nitrogenous  Bodies. 

Alhifnieiis. — 1.    Pre]>are  an  albumen  soluti<»n  (p.  1(»2). 

2.  (\irefully  jM'rforni  test  1.  p.  103. 

3.  Test  with  nitric  acid  as  in  2.  j».  103.  using  a  very  dilute  albu^uen  solutio: 

4.  Test  with  jticric  acid  in  the  same  way. 
;").   Add  sonu'  acetic  acid  to  the  albumen  in  solution  and  then  a  little  potik^- 

,sic  ferrocvanide. 
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6.  Add  some  acetic  acid  and  then  an  excess  of  a  saturated  solution  of  sodic 
chloride  or  sulphate. 

In  all  the  above  precipitates  will  be  obtained. 

7.  Separation  of  Albumen  from  its  Solutions. — Mix  ec^ual  parts  of  the 
xdbumen  solution  and  of  a  solution  of  grape  sugar ;  acidify  the  mixture  with 
acetic  acid  and  add  an  equal  volume  of  a  saturated  solution  of  sodic  sulphate ; 
then  boil  for  some  time  and  filter.     The  sugar  will  be  found  in  the  filtrate. 

Albuminates. — 1.  Prepare  an  alkali  albuminate  (p.  105,  a,  1),  and  note 
that  its  solution  is  not  coagulated  by  boiling. 

2.  Neutralize  a  solution  of  alkali  albumen  with  acetic  acid,  and  observe  the 
precipitate  that  appears. 

3.  Boil  a  little  solid  alkali  albumen  with  water ;  divide  the  solution  into 
five  portions,  and  proceed  as  follows : — 

(a)  Pass  a  current  of  carbonic  acid  gas  through  one  of  the  specimens, 

and  a  precipitate  will  form. 

(b)  Saturate  another  with  powdered  magnesic  sulphate,  and  a  precipi- 

tate will  likewise  appear. 

(c)  Add  alcohol  to  a  third,  and  no  precipitate  will  show  itself. 

(^d)  Neutralize  a  fourth  specimen  with  dilute  acetic  acid,  and  a  pre- 
cipitate will  be  thrown  down. 

(c)  Add  a  little  sodic  phosphate  and  a  few  drops  of  litmus  solution  to 
another  specimen ;  then  neutralize  with  dilute  acetic  acid,  and 
it  will  be  seen  that  no  precipitate  occurs  until  a  considerable 
excess  of  the  acid  has  been  added. 

4.  Prepare  an  acid  albuminate  as  in  6,  1,  p.  105  ;  also  by  gently  warming 
a  dilute  solution  of  albumen  with  a  little  dilute  hydrochloric  acid.  The  same 
result  may  often  be  readily  obtained  by  rinsing  out  a  test  tube  with  nitric  acid, 
and  then  pouring  into  it  a  little  very  dilute  albumen  solution  ;  the  whole  is  then 
to  be  very  gently  warmed  for  a  few  minutes. 

(a)  Boil  a  little  of  the  albuminate  thus  obtained,  and  it  will  be  seen 
that  if  the  conversion   has  been  complete  no  precipitate  will 
appear. 
(6)  Neutralize  a  little  of  the  solution  with  dilute  caustic  potash,  and 
a  precipitate  will  show  itself,  which  will  occur  even  after  the 
addition  of  sodic  phosphate. 
Preparation  of  Certain   Other  Albumens. — 1.  Separate   serum   albumen 
from  a  little  .blood  serum  or  hydrocele  fluid  by  the  addition  of  acetic  acid  drop 
by  drop  till  a  flocculent  precipitate  is  obtained  (p.  107). 

2.  Prepare  viteUin  by  digesting  some  yolk  of  egg  with  water  and  ether  so 
long  as  any  yellow  coloration  is  extracted.  The  residue  is  vitellin.  Dissolve 
it  in  sodic  chloride  (10  per  cent. ),  and  precipitate  it  therefrom  by  adding  an 
excess  of  water  acidulated  with  a  few  drops  of  acetic  acid  (p.  109). 

3.  Separation  o^ paraglobulin  from  the  lens.  Rub  up  a  crystalline  lens  in 
a  mortar  with  a  little  washed  sand,  then  with  some  water,  and  filter :  para- 
globulin  is  present  in  the  filtrate,  and  is  thrown  down  by  the  passage  of  a  current 
of  carbonic  acid  gjis,  or  by  the  cautious  addition  of  dilute  acetic  acid  (pp.  109, 
245> 

4.  Prepare  myosin  by  washing  some  finely  divided  muScle  in  water,  and 
rubbing  the  washed  niiiss  in  a  mortar  with  amnionic  chloride  solution  (12  per 
cent.);  strain  through  muslin  after  4  hours,  and  then  filter,  allowing  the 
filtrate  to  fall  drop  by  drop  into  a  tall  cylinder  nearly  full  of  distilled  water. 
The  myosin  separates  in  small  flocks  (p.  110). 

5.  Prepare  fibrinopUistin  by  diluting  blood  serum  with  ten  times  its  volume 
•of  distilled  water  and  passing  a  stream  of  carbonic  acid  gas  through  the  diluted 
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fluid  for  half  an  hour  (p.  111).     Show  also  its  precipitation  by  the  additioD 
of  a  Httle  dilute  acetic  acid,  or  of  an  excess  of  powdered  sodic  chloride. 

6.  Frc^are  Jibi'inogen  by  diluting  hydrocele  fluid  with  ten  voliunes  of  water 
and  then  passing  a  current  of  carbonic  acid  gas  through  the  diluted  fluid  for 
an  hour  or  so  (p.  112). 

7.  Dissolve  separately  the  fibrinogen  and  fibrinoplastin  thus  prepared  (the 
latter  contains  blood  ferment  mixed  with  it)  in  some  dilute  solution  of  sodic 
sulphate,  and  mix  the  solution  together:  fibrin  will  thus  be  generated. 

8.  Prepare ^Arm  by  washing  some  blood  clot  (p.  114). 

\).  Prepare  aisein  by  diluting  milk  with  ten  times  its  volume  of  water, 
then  acidifying  with  acetic  acid,  and  subsequently  passing  a  current  of  carbonic 
acid  gas  (p.  IIG). 

10.  Prepare  syntonin  by  digesting  for  a  few  hours  finely  minced  muscle  in 
dilute  hydrochloric  acid  (i  per  cent.)  and  neutralizing  the  diluted  filtrate 
therefrom  with  sodic  carbonate  (p.  117). 

1 1 .  Test  some  purified  amyloid  substance  with  iodine,  and  with  iodine  and 
sulphuric  acid;  also  with  anilin  violet  (p.  120). 

Gelatin. — 1.  Boil  small  pieces  of  skin,  bone,  or  tendon  in  water  for  several 
hours,  skim  off"  the  oil  on  the  surface,  then  filter,  and  note  that  the  filtrate  sets 
on  cooling  (pp.  125  and  128). 

2.  Test  portions  of  a  hot-water  gelatin  solution  with — 

{a)  mercuric  chloride,  tannic  acid,  and  alcohol,  and  note  the  slimy  pre- 
cipitates obtained  with  each  reagent; 
(6)  nitric  acid,  acetic   acid,  acetate  of  lead,  alum,  acetic  acid  and 
potassic  ferrocyanide,  and  note  the  absence  of  all  precipitation 
(p.  125). 
Chondrin — To  a  solution  apply  the  following  tests  : — 
(</ )  Dilute  nitric  and  acetic  acids  give  precipitates. 

(b)  Tannic  acid  gives  no  precipitate. 

(c)  Alum  gives  a  precipitate. 

Mvcin. — 1.  Prepare  from  tendon  and  bile  as  on  p.  127. 
2.  Repeat  the  distinguishing  tests  for  gelatin,  chondrin,  and  mucin  given 
on  p.  128. 

III.  Some  Albumen  Derivatives. 

Leucin  nnd  Ti/rosin. — 1.  Prepare  from  shavings  of  horn  or  a  mixture  of 
fibrin  and  pancreas  (pp.  180-132). 

2.  Adtl  a  drop  of  nitric  acid  to  a  few  crystals  of  leucin  on  a  piiH'c  of 
platinum  foil,  evaporate  at  a  gentle  heat;  when  cool,  cover  the  colorle.*vS  ri'sidue 
with  a  few  tlrops  of  caustic  soda,  and  heat  ag*ain  :  a  brownish  yellow  oily  drop 
is  nhtaincd  (p.  131). 

A  shining  brownish  yellow  residue  is  obtained  with  crystals  of  fyrosin. 
which  becomes  brown  on  the  addition  of  caustic  soda,  particularly  when 
evaporat<'d  to  dryness  (p.  138). 

3.  Cover  a  few  crystals  of  tyrosin  in  a  small  porcelain  dish  with  a  few  drop-* 

of  sulphuric  acid ;  heat  gently  and  lay  aside  for  half  an  hour ;  then  dilute  ^ 
with  water,  rub  up  with  a  little  chalk,  filter,  and  evaporate  the  filtrate  to  a  small  -^ 
luilk  :  if  necessary  filter  it  again  ;  the  clear  filtrate  gives  a  violet  color  on  the  -?^ 
addition  of  a  V(TV  little  dilute  solution  of  ferric  chloride. 

4.  Examine  under  the  microscope  the  crystals  deposited  from  boiling  Wdivry"^^ 
and  alcoholic  solutions  and  from  ammonia,  and  compare  their  appearance  withr  ^ 
the  <lrawings  given  on  pj).  130  and  132. 

5.  The  urine  of  a  patient  suffering  from  acute  yellow  atrophy  of  the  livei , 

nudignaut  jaundice,  severe  typhus,  or  small-pox,  if  it  is  available,  should 
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examined  accortling  to  the  directions  given  on  p.  131.  The  leucin  will  also  be 
readily  obtained  by  evaporating  some  of  the  urine  to  a  syrup,  which  on  cooling 
deposits  the  leucin  in  the  form  of  circular  yellowish  discs ;  but  if  these  are 
separated  and  then  dissolved  in  boiling  alcohol,  the  solution  on  cooling  will  de- 
posit white  shining  crystalline  plates  which  are  insoluble  in  ether. 

IV.  The  Digestive  Juices  and  Digestion. 

Saliva. — 1.  Collect  some  in  a  small  beaker  as  in  p.  143. 

2.  Boil  a  little  saliva,  and  note  the  slight  turbidity  produced  from  the  pre- 
cipitation of  albumen ;  show  the  albumen  also  by  the  nitric  or  picric  acid  test 
(pp.  103,  104,  2  and  3). 

3.  Place  a  drop  of  saliva  upon  a  strip  of  filter  paper  that  has  been  dried 
after  immersion  in  an  amber-colored  solution  of  ferric  chloride  to  which  a  few 
drops  of  hydrochloric  acid  have  been  added,  and  note  the  red  stain  produced. 
This  is  due  to  the  sulphocyanide  present  in  human  saliva.  The  stain  is  re- 
moved by  mercuric  chloride,  but  not  by  hydrocliloric  acid  (p.  158). 

4.  Prepare  starch  mucilage  (p.  140). 

5.  Convert  starch  into  sugar  by  the  addition  of  saliva,  as  in  p.  149,  2 ; 
then  test  for  starch  and  sugar,  and  note  the  influence  exerted  by  temperature, 
acids,  etc.,  on  the  conversion  (p.  149). 

•     Gastric  Juice. — 1.  Prepare  some  artificial  juice  from  the  mucous  mem- 
brane of  a  pig's  stomach  (p.  143,  a  or  b). 

2.  Make  a  glycerin  extract  of  the  dried  and  finely  minced  mucous  mem- 
brane of  the  cardiac  end  of  a  pig's  stomach  (p.  147,  2),  and  precipitate  the 
pepsin  from  this  by  the  addition  of  absolute  alcohol  in  excess. 

3.  Carefully  repeat  the  experiments  given  on  pp.  150,  151,  and  152 
(1  and  2),  noting  the  gradual  conversion  of  the  albimien  into  peptone  and  the 
preliminary  stage  of  an  acid  albumen ;  then  apply  the  distinguishing  peptone 
tests  to  the  terminal  digestive  products  (pp.  151,  152). 

Pancreatic  Juice. — 1.  Prepare  the  juice  according  to  the  directions  given 
on  p.  144,  3,  a,  mincing  up  a  fresh  pancreas,  covering  it  with  absolute  alcohol, 
and  rubbing  up  the  dried  mass  with  washed  sand ;  the  dilute  acetic  acid  is  then 
added,  and,  after  mixing  well  together  for  15  to  20  minutes,  the  whole  is  laid 
aside  in  a  jar  and  covered  with  glycerin.  Decant  the  glycerin  extract  in  3  days 
and  filter. 

2.  Digest  fragments  of  boiled  fibrin  in  a  one  per  cent,  sodic  carbonate 
solution  to  which  a  little  of  the  above  glycerin  extract  has  been  added  (p.  152). 

3.  Prove  a  partial  decomposition  of  the  peptrjne  formed  into  leucin  and 
tyrosin  (p.  153,  2,  a  and  b). 

4.  Add  a  little  of  the  glycerin  extract  to  some  starch  mucilage  and  wann 
gently  (p.  150)  ;  test  for  sugar  after  a  few  minutes. 

5.  Mince  up  some  fresh  pancrciis  very  fine,  and  digest  it  with  a  little  warm 
water,  filter,  and  neutralize  the  filtrate,  if  necessary,  with  carbonate  of  soda. 

(a)  Rub  up  a  little  olive  oil  or  melted  lard  with  3  or  4  times  its  vol- 
ume of  the  watery  infusion  in  a  small  warm  mortar,  and  note 
the  creamy  eniuhsion  formed. 

(6)  Shake  up  in  a  test  tube  a  few  drops  of  olive  oil  with  a  little  of 
the  same  neutral  infusion,  and  warm  gently,  taking  care  that  the 
temperature  does  not  rise  very  much.  In  about  5  minutes  or  so 
bring  a  drop  from  the  bottom  of  the  tube  upon  a  piece  of 
blue  litmus  paper,  and  note  the  red  coloration  produced,  owing 
to  the  liberation  of  the  fatty  acid  by  the  saponification  that  has 
occurred  (p.  153). 
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V.  Bile  and  Blood,  etc. 

Bih, — 1.  Repeat  the  two  experiments  given  on  pp.  153,  154,  and  show 
the  emulsifjing  of  oil  by  bile,  and  the  more  ready  penetrability  by  oils  of  a 
membrane  moistened  with  this  fluid. 

2.  Apply  Pettenkofer's  reaction  to  some  bile  in  a  test  tube,  as  in  1, 
p.  177  ;  also  apply  the  modifications  h  and  d  given  on  the  same  page. 

8.  Place  a  drop  of  diluted  bile  on  a  white  plate,  and  allow  a  drop  of  yellow 
nitric  acid  to  flow  into  it ;  at  the  line  of  contact  a  series  of  colored  bands  will 
make  their  appearance. 

4.  Examine  with  the  spectroscope  some  fresh  bile,  some  altered  bile,  and 
a  filtered  dilute  hydrochloric  acid  extract  of  bile  (p.  178,  3). 

5.  Prepare  the  biliary  acids  according  to  method  1^  p.  180. 

6.  The  Pettenkofer  reaction  should  be  repeated  with  some  of  the  biliary 
salts  prepared  as  above  (p.  182). 

7.  Prepare  bilirubin  from  biliary  calculi  according  to  method  1,  p.  185; 
or,  if  dog's  bile  is  procurable,  according  to  method  3,  p.  185. 

8.  Dissolve  a  little  bilirubin  in  ammonia;  to  the  solution  thus  formed  add 
nitric  acid  drop  by  drop,  and  note  the  marked  play  of  colors  (p.  185 ),  the 
final  product  of  the  reaction  being  choletelin. 

9.  Dissolve  a  little  bilirubin  in  caustic  soda  contained  in  a  small  flask,  add 
some  fragments  of  sodium  amalgam,  and  lay  aside  loosely  corked  for  2  or  3 
days.  Note  the  gradual  disappearance  of  color.  Decant  after  a  time,  and  to 
the  decanted  li<|uid  add  hydrochloric  acid  drop  by  drop  until  a  brownish  floo- 
culent  precipitate  of  hydrobilirubin  makes  its  appearance  (p.  186). 

10.  Spread  out  a  thin  layer  of  a  caustic  soda  solution  of  bilirubin  upon  a 
plate,  and  exi)ose  it  to  the  air;  the  color  will  soon  become  intensely  green, 
owing  tu  the  formation  of  biliverdin. 

1 1.  kSoparatc  cJiohsterhi  from  some  powdered  pale  biliary  calculus  by  boilin-^ 
it  with  somo  spirit  to  which  a  few  drops  of  caustic  potash  have  been  added : 
filter  hot,  and  when  tlie  filtrate  cools  crystals  of  cholosterin  will  be  deposited. 
Note  that  these  crystals  arc  easily  soluble  in  ether. 

{<i)  Place  a  few  crystals  on  a  glass  slide,  add  to  them  a  drop  of  sul- 
phuric acid,  mix  with  a  glass  rod,  and  heat  the  slide  gently; 
apply  a  cover  gla.^s.  and  note  under  the  microscope  the  carmine 
tinting  of  the  edges  of  the  crystals  (j).  188). 
(//)  Dis.solve  some  crystals  in  a  little  chlorolorm  and  mix  with  an  e^ual 
volume  of  strong  sulphuric  acid,  when  a  red  solution  is  obtained, 
which  rapidly  clianges  color,  becoming  blue,  green,  and  finally 
yellow  (p.  18S). 
(c)   Cover  a  few  crystals  lying  in  a  small  porcelain  dish  with  a  drop 
of   nitric  acid,  and  evai)()rate  to    dryness   at    a    gentle    heat: 
on  touching  the  yellow  residue  with  annnonia  a  deep  red  color 
is  produced,  which   is  not  altered  by  the  addition   of  caustic 
potash. 
Blood. — 1.  Examine  blood  under  a  high  j)ower  of  the  microscope,  and  care- 
fully note  Uie  appearance  of  the  corpnschs.     This  should  be  done  with  human 
blood  as  well  as  with  the  blood  of  a  frog,  a  bird,  and  a  dog  or  cat;  the  blocKl 
also  should  be  examined  alone  and  after  the  addition  of  .sodic  chloride  solu- 
tion (0'75  per  cent.) 

2.  Prepare  crystals  of  la^mftrjlobiii  from  the  blood  of  a  guinea  pig  and  of  a 
rat  (1  and  2,  pp.  WYd,  2()0\  and  examine  them  micro.scopically  (p.  202). 

3.  Prepare  crystals  of  hixmln  as  in  method  1,  pp.  211,  220,  and  examine 
them  under  a  high  power. 

4.  Apply  the  ozone  or  guaiacum  test  for  luemoglobin  (pp.  204,  218). 
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5.  Add  a  few  drops  of  blood  to  a  small  test  tube  nearly  filled  with  water, 
and  examine  with  the  spectroscope :  the  two  absorption  bands  between  D  and 
E  will  be  seen  (pp.  203,  205). 

6.  Add  some  reducing  agent  to  the  diluted  blood  in  the  small  test  tube, 
and  rapidly  examine  again,  when  it  will  be  found  that  in  place  of  the  two 
stripes  a  single  broad  band  is  to  be  seen,  due  to  reduced  haemoglobin  (pp.  205, 
203). 

7.  Now  try  to  get  the  oxyhcemoglobin  bands  by  spectroscopically  examining 
in  a  dark  room  the  rosy  light  that  passes  between  two  of  the  fingers  held 
together  in  front  of  a  bright  light ;  and,  when  this  has  been  accomplished,  look 
in  the  same  way  for  the  single  b.ind  of  reduced  haemoglobin  after  both  fingers 
have  had  the  circulation  in  them  arrested  by  the  application  of  an  elastic  liga- 
ture at  their  bases  (p.  217). 

8.  Take  a  piece  of  rag  that  has  been  stained  with  blood,  scrape  the  spot, 
and  digest  the  scrapings  in  water  to  which  a  little  ammonia  has  been  added ; 
examine  the  colored  solution  thus  obtained  with  the  spectroscope,  and  look  for 
the  absorption  bands  of  oxyluumoglobin  (p.  203) ;  then  add  a  little  reducing 
reagent  and  look  for  the  single  band  of  reduced  haemoglobin ;  noto  also  that 
by  shaking  the  red  solution  in  the  air  the  two  bands  reappear. 

If  much  ammonia  is  now  added  to  some  of  this  colored  solution  a  broad 
band  of  alkaline  hocmatin*will  generally  be  found  between  o  and  D. 

Next  add  glacial  acetic  acid  in  excess  to  the  rest  of  the  red  solution,  and 
transfer  the  mixture  to  a  small  stoppered  bottle,  where  it  is  to  be  well  shaken 
with  an  equal  volume  of  ether.  The  ether  soon  separates  on  standing,  and  it 
will  have  a  reddish  brown  color;  it  is  then  to  be  decanted  into  a  small  glass 
vessel  with  parallel  walls  and  examined  with  the  spectroscope  (pp.  209,  218, 
and  219j. 

9.  Leave  a  blood-stained  rag  in  water  for  a  couple  of  hours,  and  note  that 
the  dingy  red  solution  obtained  gives  a  dirty  red  coaguluni  when  boiled  and  on 
the  addition  of  nitric  acid,  also  that  with  dilute  hydrochloric  acid  and  potassic 
ferrocyanide  a  bluish  precipitate  appears  (p.  217).  Leave  another  piece  of 
stained  rag  in  some  water  in  a  te^t  tube  for  an  hour  or  so ;  then  add  a  few 
drops  of  ammonia  and  boil,  when  a  dirty  gray  turbidity  is  produced,  which 
•disappears  on  the  addition  of  a  drop  or  two  of  caustic  potash,  a  solution,  green 
by  transmitted  and  red  by  reflected  light,  remaining  behind. 

10.  Repeat  the  six  tests  for  blood  given  on  p.  220  with  a  single  spot  oi* 
blood  on  a  piece  of  linen  rag. 

Lymph  and  Chyh. — 1.  Examine  microscopically  some  lymph  obtained  by 
plunging  a  capillary  ghuss  tube  into  one  of  the  dorsal  lymph  sacs  of  a  frog. 
Note  the  character  of  the  corpuscles,  etc.  (p.  229 j. 

2.  Examine  in  the  same  way  some  of  the  chyle  obtained  from  the  intestine 
of  a  rabbit.  Note  the  corpuscles  and  the  molecular  basis,  and  then  irrigate 
with  ether  and  caastic  potash  (p.  231  )*. 

YI.  Certain  other  Secretions  and  Tissues. 

Pa%  and  Mucus. — 1.  Examine  drops  of  both  fluids  under  a  high  power, 
noting  the  corpuscles,  free  molecules,  and  fatty  granules,  etc.  After  having 
looked  at  them  without  the  addition  of  any  reagent,  examine  them  in  sodic 
-chloride  solution  (|  per  cent.),  and  then  irrigate  with  dilute  acetic  acid.  In 
the  case  of  the  mucus  threads  of  mucin  will  be  seen  (p.  23G). 

Bo7ie. — The  practical  exercises  commencing  at  p.  253  should  now  be  per- 
formed, with  the  exception  of  the  quantitative  analysis. 

Miiicle, — 1.  A  piece  of  living  muscle  from  an  animal  just  killed  is  to  be 
•compared  with  a  piece  of  muscle  that  has  entered  into  a  state  of  rigor  (p.  259). 
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2.  Prepare  kreatin  from  Liebig's  extract  of  meat  by  process  2,  p.  262. 
The  crystals,  wheD  separated,  are  to  be  examined  microscopically  and  their 
characters  noted  (p.  261). 

3.  With  a  watery  extract  of  Liebig's  extract  of  meat  make  the  analysis 
given  on  p.  269,  C. 

Milk, — Repeat  the  tests  given  on  pp.  316,  317  (1,  2,  3,  4,  and  6,),  first 
examining  a  drop  of  milk  under  a  high  power  of  the  microscope,  then  taking 
the  specific  gravity,  separating  the  casein  and  butter,  and  detecting  the  sugar; 
also  determining  the  percentage  of  solids  (p.  317,  1),  and  making  an  approxi- 
mative determination  of  the  cream  present  (p.  317,  2,  ij). 

VII.  Urine. 

1.  The  reactions  and  characteristics  of  normal  urine  are  to  be  carefully 
noted  in  detail  (pp.  333-336). 

2.  Repeat  the  tests  (1-5,  7,  and  8)  for  urea  given  on  pp.  339,  340. 

3.  Determine  the  nrea  in  urine  quantitatively  by  Liebig's  mercuric  nitrate 
method,  as  detailed  on  pp.  344-347,  and  also  by  its  conversion  into  nitrogen 
gas  with  Russell  and  West's  or  Simpson's  apparatus  (pp.  352-354). 

4.  Perform  the  first  four  tests  given  for  uric  acid  on  pp.  357,  358. 

5.  Determine  approximately  the  uric  acid  in  a  specimen  of  urine  by  adding 
a  little  hydrochloric  acid  to  it  and  laying  aside  for  24  hours  (p.  358). 

6.  Test  for  indican  by  acidifying  strongly  with  hydrochloric  acid  and  then 
shaking  up  with  a  little  chloroform  (p.  373). 

7.  Determine  the  sodic  chloride  present  in  urine  by  Mohr's  or  Folhard's 
process  (pp.  379,  380). 

8.  Separate  the  organic  and  inorganic  sulphates  present  in  urine  by  method 
2  on  pp.  382,  383. 

9.  Determine  the  sulphates  of  urine  volumetrically  by  means  of  standard 
baric  chloride  (p.  383). 

10.  Examine  a  urinary  deposit  containing  iiric  acid,  urates,  and  phos- 
phates :  warm  part  of  it  up  with  a  little  of  the  urine,  when  the  urates  will 
disappear,  causing  a  partial  clearing  up;  now  add  some  acetic  acid,  and  the 
phosphates  will  dissolve ;  filter,  and  the  residual  uric  acid  will  dissolve  on  the 
addition  of  caustic  potash.  Some  of  the  deposit  should  be  further  examined 
under  the  microscope,  when  the  yellow,  brown,  or  reddish -colored  crystals  of 
uric  acid  will  be  seen  scattered  amidst  the  rhomboidal  or  triangular  prisms  of 
the  phosphates  and  the  abundant  amorphous  uTanules  of  the  urates  (pp.  384, 
385). 

11.  Separate  the  jyhosphafes  from  urine  by  magnesia  mixture  (p.  3>i7)^ 
and  by  baryta  mixture  (p.  347). 

12.  Determine  the  amount  <f  phosphoric  acid  by  means  of  standard  urauic 
solution  (\).  ^^S7),  and  also  approximately  by  Teissier's  method  (389,  III.) 

13.  Test  some  albuminous  urine  by  boiling  and  by  nitric  and  picric  acid 
(pp.  393-395). 

14.  Detect  the  presence  of  blood  in  bloody  urine  by  the  tests  on  pp.  401- 
403. 

15.  Test  some  diabetic  urine  for  sugar  by  the  first  four  methods  given  on 
pp.  405,  40(;. 

1(5.  Estimate  the  sugar  in  a  specimen  of  diabetic  urine  by  Fehlinu's 
method  (p.  87),  and  also  by  Boithardat's  approximative  method  (409,  III.) 

17.  Test  lor  biliary  acids  ami  pigment  in  a  specimen  of  biliary  urine 
(pp.  411-414). 

IS.  p]xamine  a  specimen  of  morbid  urine  according?  to  the  table  niven  «)u 
pp.  423-420. 
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YIII.  Urinary  Deposits  and  Calculi. 

Deposits, — 1.  Examine  a  little  of  the  deposit  according  to  the  method 
given  on  p.  428,  confirming  the  results  obtained  by  the  tables  on  pp.  430-434. 

2.  Note  the  action  of  caustic  potash  on  the  deposit  when  examined  micro- 
scopically (p.  434). 

3.  In  specimens  of  albuminous  urine  casts  are  to  be  looked  for  under  the 
microscope  (p.  439). 

Calculi, — Several  specimens  of  powdered  calculi  are  to  be  examined  ac- 
cording to  the  method  given  on  p.  443,  and  the  results  obtained  confirmed  by 
the  table  given  on  p.  444. 
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In  asking  the  attention  of  the  profession  to  the  works  advertised  in  the  following  pages, 
the  publishers  would  state  that  no  pains  are  spared  to  secure  a  continuance  of  the  confi- 
dence earned  for  the  publications  of  the  house  by  their  careful  selection  and  accuracy  and 
finish  of  execution. 

2%e  large  number  of  iTiquiries  received  from  the  profession  for  a  finer  daaa  of  bindings  than  %$ 
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PROSPECTUS    FOR   1004. 

A  WEEKLY   MEDICAL   JOURNAL. 


SUBSCBIFTION   BATES. 

The  Medical  News Five  Dollars. 

The  American  Journal  of  the  Medical  Sciences        .      Five  Dollars. 

COMMUTATION    BATES. 

The  Medical  News  1      Nine  Dollars  per 

The  American  Journal  of  the  Medical  Sciences   j     annum,  in  advance. 

THE  MEDICAL  NEWS. 

National  Weekly  Medical  Periodical,  containing  28  to  32  Quarto 
Padres  of  Reading  Matter  in  Each  Issue. 

In  mftlnng  the  change,  nearly  three  years  since,  from  a  monthly  to  a  weekly,  those  in  charge 
The  Medical  News,  proposed  to  furnish  the  profession  what  it  had  never  hefore 
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enjoyed — a  journal  national  in  the  widest  sense  of  the  word,  devoted  to  the  highest  ideals 
of  professional  morals  and  honor,  an  unsparing  enemy  of  quackeiy  and  fraud,  a  scientific 
magazine  in  elaboration,  and  a  newspaper  in  energy  and  vitality.  They  believe  that  in 
every  respect  it  has  fulfilled  its  promises.  Its  readers  and  contributors  are  found  in  every 
State  and  Territory;  its  Editorial  Staff  includes  some  of  the  brightest  minds  in  the 
profession,  and  in  every  issue  living  topics  are  editorially  discussed  in  a  scholarly  and  prac- 
tical manner ;  its  corps  of  qualified  reporters  and  correspondents  covers  all  the  medical 
centres  of  both  hemispheres,  and  secures  for  its  columns  the  earliest  information  on 
matters  of  medical  interest,  and  its  reports  of  Medical  Progress  are  culled  from  all  the 
important  professional  journals  published  on  both  continents. 

The  determination  of  The  News  to  maintain  its  position  as  the  leading  medical 
weekly  of  America,  is  evidenced  by  the  special  cable  dispatches  from  its  own  representa- 
tive at  the  recent  International  Medical  Congress  in  Copenhagen.  Its  special  articles  on 
Koch's  discovery  of  the  Bacillus  of  Cholera  have  likewise  commanded  the  attention  d 
the  profession,  press  and  laity  in  all  parts  of  the  country.  In  short,  its  unrivalled 
organization  enables  The  News  each  week  to  lay  upon  the  table  of  its  readers  an  epit- 
ome of  a  week's  advance  of  the  whole  medical  world. 

The  News,  always  endeavoring  to  enhance  its  usefulness,  has  pleasure  in  announcing 
to  the  profession  that  arrangements  have  been  perfected  for  the  publication  during  this 
year  of  a  highly  valuable  series  of  practical  articles  by  eminent  men  on  the  more  im- 
portant diseases  met  with  by  every  practitioner  in  his  daily  duties. 

Original  articles  from  foreign  authorities  may  also  be  expected,  the  first  of  whidi 
appeared  in  the  issue  of  January  5th,  1884,  on  Digital  Exflobation  of  the  Bi^addeb 
IN  Obscure  Vesical  Diseases,  with  its  results,  with  7  original  illustrations,  by  Sib 
Henrt  Thompson,  of  London,  Surgeon  Extraordinary  to  the  King  of  the  Belgians,  etc 
From  the  high  character  of  the  articles  already  published,  a  fair  conception  may  be 
formed  of  the  value  of  the  series  to  every  professional  man  in  active  practice. 

In  t3rpographical  appearance,  The  News  of  1884  shows  an  advance  even  upon 
the  issues  of  1882-83,  and  nothing  has  been  left  undone  to  economize  the  time  and  promote 
the  comfort  of  its  readers.  It  appears  in  a  double-columned  quarto  form,  printed  by  the 
latest  improved  Hoe  speed  presses,  on  handsome  paper,  from  a  clear,  easily  read  type, 
specially  cast  for  its  use. 

The  Medical  News  employs  all  the  approved  methods  of  modem  journalism  with 
the  intention  of  rendering  itself  indispensable  to  the  profession ;  and,  in  the  anticipation  of 
an  unprecedented  circulation,  its  subscription  has  been  placed  at  the  exceedingly  low  rate 

of  $5  per  annum,  in  advance.  At  this  price  it  ranks  as  the  cheapest  medical  periodic^ 
in  this  country,  and  when  taken  in  connection  with  The  American  Journal  at  NINE 
DOLLARS  per  annum,  it  is  confidently  asserted  that  a  larger  amount  of  material  of  the 
highest  class  is  offered  than  can  be  obtained  elsewhere,  even  at  a  much  higher  price. 
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THE  AMERICAN  JOURNAL  of  the  MEDICAL  SCIENCES, 

Edited  by  I.  MINIS  HAYS,  A.  M.,  M.  D., 

b  pabUsbed  Quarterly,  on  the  first  days  of  January*  April,  July 

and  October,  each  Number  coutaining  over  Three  Utiudred 

Octavo  Pn^cs,  fldly  Illnstratcd. 

Founded  in  1820,  The  American  Jovrhai.  is  now  comiileling  its  sixty-flftb 
eonMCUtive  yenr  of  fuithrul  and  hononible  wrrito  to  the  profpaeion.  Being  the  only 
periodical  in  the  English  Inngiiagi!  capable  nf  jireeenting  elubonite  iLrtide« — tbe  form  in 
wbtoh  the  most  important  discoreries  Imre  aJwajs  been  communicated  to  the  profeauon — 
Tkb  AM£bI(:*JI  Joubnai.  cannot  fnil  to  be  of  the  utmost  value  to  physicians  who  nould 
keep  themaelvea  an  aiarant  with  the  inedicnl  thought  of  the  lUy.  It  may  justlj  claim  tli&t 
b  numbers  unung  its  contributors  nil  the  moet  distinguished  meuihera  of  the  profeeBion, 
that  iU  history  is  identified  with  the  mlvsnces  of  medical  knowledge,  and  that  its  circu- 
ktion  is  co-exlensivo  with  the  use  of  the  English  longusge. 

During  1885  The  Jocssai.  wiU  continue  to  present  ihoee  features  which  have  long 
prored  so  attractive  to  it£  rcadera. 

The  Original  Department  will  oonaist  of  elaborate  and  richly  illuslmted  articles 
Iron)  the  pena  of  the  most  eminent  members  of  the  profcsaion  in  ali  parts  of  the  countiy. 

The  Beriew  Department  will  maintain  ite  well-earned  reputation  for  discernment 
and  impartiality,  and  will  cnqtoin  elaborate  reviews  of  new  works  and  topics  of  the  day, 
sod  numeroua  unnlyticnl  and  bibliographical  notlcei  by  competent  writers. 

Following  tbeae  comes  tlic  Quarterly  Summary  of  ImproTemonts  and  Dis- 
ooveries  in  the  Medical  Scienoee,  which,  being  a  ciuEui£e<l  imd  arraogeil  condensation 
of  imporiAnt  articles  a]>peuring  in  the  chief  medical  journals  of  the  world,  furnishes  n 
eompact  digest  of  medical  progress  abroad  and  at  home. 

Ho  Ntbecription  price  of  The  American  Joetrnal  op  the  Medicai.  Sctbmcbb  has 
■wrer  been  raised  during  its  long  career.  It  is  still  sent  free  of  po«tage,for  Five  Dollar* 
per  annam  in  advance. 

Taken  together,  the  Jottrnal  and  News  combine  the  advantages  of  the  elaborate  prep^ 
■ntion  tbst  can  he  devoted  to  a  quarterly  with  the  prompt  conveyance  of  intelligenoe 
by  the  weekly;   while,  by  special  nunngement,  duplication  of  matter  is  rendered  im- 

It  will  thus  be  seen  that  for  the  very  moderate  sum  of  NINE  DOLLABS  In  advance 
the  sabscriber  will  receive  free  of  postage  a  weekly  and  a  quarterly  journal,  both  reflecting 
Ihe  latest  advances  of  the  medical  sciences,  and  containing  an  equivalent  of  more  than  4000 
octavo  pages,  stored  with  the  choicest  material,  original  and  selected,  that  can  be  furnished 
by  the  beet  meiUcal  minds  of  both  hemispheres.  It  would  be  iiupoesible  to  find  elsewhere 
•0  luge  an  amount  of  matter  of  the  same  value  ofiered  at  so  low  a  price. 

fl^^  The  safest  mode  of  remittance  is  by  bank  check  or  postal  money  order,  dtawo  to 

l&e  order  of  the  undesigned;  where  these  ore  not  accessible,  remillances  for  subacrip- 

tiona  may  be  made  at  the  risk  of  the  publishers  by  forwarding  in  rtgiitered  letters.  Addrea^ 

Henhy  C.  Lea's  Son  &  Co.,  Nos.  706  and  703  Sanaom  81.,  Philadelphia. 
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*  ,  *  Communications  to  both  these  periodicals  are  invited  from  gentlemen  in  all  parts 
of  the  country.  Original  articles  contributed  exclusively  to  either  periodical  are  liberally 
pud  for  upon  publication.  When  necessary  to  elucidate  the  text,  illuitralionii  will  be  fur- 
uisbed  without  cost  to  the  author. 

All  letters  pertaining  to  the  Editorial  Dtpartment  of  The  Medicai,  Newb  and  Tbx 
AUEBICA»  JouBNAi.  OF  THE  Medicai.  BciESCts  shoiild  be  addresBsd  to  the  EDrroBiAL 
OmcsB,  1004  Walnut  Street,  Philadelphia. 

M letters  pertaining  to  the  Sueinas  i)eportmeBl  of  llieee  jcniiiuiit  AvireSA  \k  wJi^Tea^, 
N^  to  Hewmv  C.  Lba's  Son  &  Co..  706  nod70»Siiisirai^\vtt«.,"?V^\a»ift\v>»»-       1 
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Ogj,  Sjgiene,  Therapeutics,  Phamuioolog}',  Phormncj,  Surgery,  Obstetrics,  Meditkl  Jurit- 
pnnienoe  and  Dentiaoy,  Notices  of  Ulimate  and  of  Mineral  Watere,  Formube  fur  Officinal, 
EmpiricAil  and  Dietetic  Preparations,  with  the  Accentuation  and  EtTmolngr  of  the  Terms, 
and  the  French  and  other  S3monymcB,  su  uft  tv  conatitiite  a  French  as  well  as  an  Englidi 
Medical  Leiicoo.  A  new  edition,  tlioroughlv  revised,  and  very  greatly  modified  and 
augmented.  By  RicnABD  J.  DrNGLisoN,  M.  D.  In  one  very  lur^  nnd  handsome  rojkl 
octavo  volume  of  1130  tmges.  Cloth,  ^.50;  leather,  niised  bands,  $7.50;  very  handsome 
half  Kuaaia,  raised  bands,  fS. 

The  object  of  the  author,  from  the  outset,  has  not  been  lo  make  the  work  a  mere  lexi- 
con or  dictionary  of  terms,  but  to  aUbrd  under  each  word  a  condensed  view  of  its  Tariom 
medical  relations,  and  thus  to  render  the  work  an  epitome  of  the  existing  condition  of 
medical  science.  Starting  with  this  view,  the  immense  demand  which  has  e:xisted  for  the 
work  has  enabled  him,  in  repeated  revisions,  to  augment  it«  completeness  and  useMiiea^ 
until  at  length  it  has  attained  the  position  of  a  recognized  and  utandard  authority  wherever 
the  language  is  spoken.  Special  {lains  have  been  taken  in  the  preparation  of  the  present 
edition  to  mainlsjn  this  enviable  reputation.  The  additions  to  the  vocabulary  are  more 
numerous  than  in  any  previous  revision,  and  particular  attention  has  been  bestowed  on  the 
accentuation,  which  will  be  found  mitriced  on  every  trord.  The  typographical  arnmgemeDt 
has  been  greatly  improved,  renderinc;  reference  much  more  easv,  and  every  care  has  been 
taken  with  the  mechanical  execution.  The  volume  now  contains  the  matter  of  at  least 
four  ordinaiy  <fCtavus. 

A  booh  of  whiob  exT?  AmeHcu  aught  lo  b«  |  irDrk  hubeen  well  known  Rir  aboal  tor^jatn 
|irou<L  WhaD  ttas  learned  lallior  ot  tha  work  aadDecdsDa  wotdsof  praiMonour  part  loieeam' 
paued  away,  jirobsbly  all  of  us  feared  Iwt  the  bnoh  I  mend  it  to  the  mainben  of  the  medical,  and  Uka- 
should  Dol  mainUfn  Ita  plue  In  tha  advanolng  I  «!»  of  the  pharnuceatloal,  profidMtOD.    TtMlaMtr 
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telano*  whoaa  termi  It  daSnH.    Fortunstelr,  Dr.    eBpaoUlly  an  Id  need  ol 

Richard  J.DangllWD.hBVlaBaulatedhli^tharln  landrellahlelnfiinnUion  _.    

the  reTlslon  ot  taTsral  edJUani  of  tha  work,  and  '  and  terms  which  thef  are  tiibls  to  anooimtar  Id 
having  boes.  therefore,  trained  In  tha  methods  I  purRalnatbalrdallrvocaUan^tntwithwhlohthn 
and  [mbaed  with  tha  aptrit  or  the  book,  has  been  caanot  be  aaMoled  (o  be  baiEllar.  The  wsrfc 
■bis  to  edit  11  M  a  work  of  tba  kind  should  be  before  nittallTBappllaa  this  want.— dourinnAap. 
adl(ed-~to  carry  itDDneidilT,wlUioulJar  or  Inter  I  nal  of  Fiawmatf,  Sib.  tgJi. 
rupUOTt,  along  the  anwres  of  ^oaght  11  ha*  trav-  •  perlleular  care  has  baeo  devoted  to  derlvatioD 
elfod  during tltillfrtliiie.    To  »how  the  magnitude  I  —  ^ ■"— . -TSf^ 


of  (he  task  which  Dr.  Dungiison  has  w 

(WTJed  throogh.  It  la  aoly  necessary  (u  •nw  inmi 

addedln  the  preiienl  edition,— P^iAxMpAia  Utdital 
fbiiat,  Jan.  3,  IBTl. 

AtHHit  the  flrst  boali  pnrahaaed  by  (he  medical 
stodent  la  the  Medical  Dictionary.  The  lexicon 
azplanatoiy  of  le^oloal  larnia  is  simply  a  tine  ijua 

latuale  aa  mwUolne,  it  la  aa  much  a  nocaulty  alno 
to  tha  pnotlalDg  phyalolan.  To  meet  the  wants  ot 
stndenM  and  moat  phjslolana  the  dlcUonary  mnn 
be  oondenied  vhUe  compreheiulTe.  and  practical 
while  panplCMlooa.    It  was  becau»  DuugllHin'! 

dle^anaiT  ^  genexal  nee  wherarer  medlchie  waa 
Msdied  In  tbe  EoMlsh  laasnage.  In  no  former 
nvbdon  have  (he  dlentlone  and  additions  bern 
•0  neat.  The  chief  terms  have  bean  aet  in  black 
Miar,  while  tha  derlratiTea  Ibllow  in  email  ops; 
•Danan^eDient  which  Kraatlr  fiaciUtatea  refor«iio«. 
— ClKinxati  LsKrf  invTciuur,  Jan.  10. 1»71. 
Aa  a  itaiidaid  aor 


With  n 

latter,  Indeed,  the  preoeat  edtttoo  n 
ered  a  oomplela  "PmnanDu' —  ' 
Uedloal  Scianoe."    Itts 

work  pQblished  fbr  the  t ^  ,. ,_,_..,., 

tains  infhrmstion  upon  avuy  madlcal  sattjaet.  In 
a  form  for  ready  accessL  and  with  a  brevit?  aa  ad- 
mirable aa  It  is  praetical.— 5oi>'*»i>  J/aiiciif£<(ord; 
Feb.  18T4. 
A  Ti^uabla  dictionary  of  the  terms  employed  In 

lions  of  the  aablecli  trealcd  under  each  hud.    It 
welt  deeerres  the  aathority  and  populailt*  It  hat 
obtalnod.- BHtH*  Jfed.  ./our..  Oct.  31,  m4. 
pew  irorks  of  Ihla  olam  exhibit  a  jrrander  T^ann. 
lent  of  patient  _reaearoh_Bnd  of  aclentiaol 


iS  English  lane.  - 
■encew. — London 
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BOBLY2>\  RICHARD  D.,  M.  J>. 

A  DictioQ&iy  of  tlic  Terms  Used  in  Medicine  and  the  Collateral 
SoieQO&S.  Revised,  with  numerous  addiiioas,  by  Isaac  Mays,  M.  D.,  lata  ediuc  of 
The  American  Journal  of  the  Medical  Sciencea.  In  one  large  royal  ISmo.  tdIhhm  uf  BSD 
doiiUe-mlnmnod  page*.    Goth,  {1.50;  leather,  f2.00. 

[I  Is  Ills  haul  book  of  deRnitliHis  we  bavF.  and  ought  alwayi  to  be  upon  llii  ilii  Iniil'i  taMi      ffcaltiin 

SODWELL,  O.  F.,  F.  B.  A.  «.,  F.  C.  S., 

Licbwir  «■  .VafenJ  AiMH  at  C*\flim  Ootltfl.  EKflaid. 

A  Dictionary  of  Soienoe :  Comprising  AslronomT,  Cbemistij,  Qynsodc^  Beo- 
tridty,  Heal,  HydrodynamicE,  Mydroetalici,  Light,  Mafnebun,  Medianin,  He(eorola|T, 
Pmuinallns  Saoml  and  8tatics.  CnotTibuied  bv  J.  T.  Bottomley,  H.A.,  F.CS..  William 
CkDdkas  FJlSs  PCJl.  Frwlerick  Guthrie,  B.A.,  Ph.  D.,  R.  A.  ProcW.  RA..  F.RJLS, 
G.  F.  Rodwdl,  Editor,  Charlee  Tomlinaon.  F.rA,  F.CS,  and  Eidkaid  Wnmell,  M.A, 
B&.  Pneedad  In  an  Gasay  on  the  Iltstorv  of  the  Fhyucal  Scjencea.  la  coe  haaimmk 
iMCnv tcJuw ef  703  F«g«B,  with  143  illustrations.     Cloth,  $5.00. 


Hekrt  C-  Lka's  Son  &,  Co.'s  PuBLfOATioNa — Compeiid!*,  Auut. 

HJLBTSHOJtJfE,  HE:yiiT,  A.  M.,  M,  J>., 

A  Conspeotus  of  the  Medical  Soieacee ;  Conuining  Hnivlbonks  on  Anniomf, 
PhjsiologTj  Ckemlstrf,  JSIaterift  Medica,  PracUne  of  MeJidoe,  Satg^rj  snd  OUitetric*. 
Second  edition,  tliorouchlj  reviseil  and  greUly  improved.  In  one  large  roysl  ]2om 
Toknie  of  1028  pogcfl,  with  477  tlliutratioiu.     Cloth,  H25 ;  leather,  $5.00. 
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Induilry  uiil  cneray  of  iM  able  editor.— floitc 
Jf  nlUur  and  StfataaJvaT^iei.  Sept. »,  1*1*. 

We  can  «v  w(lh  the  itiioteulruth,  that  It  U  Ui_ 
tmitirork  of  the  kind  wlib  wbiob  v*  an  aeqnalal- 
■d.  It  embodiea  Id  a  condsnHd  fbrm  all  rvoanl 
__ ._  pfjjtipj  medlolne,  and  lath"" 


tore  u»rul  to  tnrj  boa*  imulUloiiat  thrDUKhaol 

ilrv,  b«Id«i  being  admirably  adapted  (6 

Dl  studcnW  of  medlolne.    Tbe  book  la 
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STUDEIfTS*  SERIES  OF  MAJfUALS. 

A  Series  of  Fifteen  ManiuLla,  for  the  am  of  Student!  nod  Practitioners  of  Medicine 
and  Surgeij.  The;  vill  be  wrillen  br  eminenl  Teachers  or  Exiuniners,  and  will  be 
usued  in  pucltet-siie  X'iiao.  volnmed  of  300-540  pages,  richly  Uluslntcd  and  at  a  low  price. 
The  folloviiig  Tolumee  may  now  be  Hnoounued:  Kt.Viv'w  ElematU  of  IlUtology,  Peppeb'b 

Surreal  PalJu^om,  Tkbv s^  Suryiail  Amiliid  Aaatomi/,  Ruxk'b  Ctmicai  Chrmiilru,  C~ 

and  LocKWooDa  I>meetar^  Mtaiual,  Powkb's  Human  PhytiiAor/^,  and  Baucrs 


SERIES  Of  CLINICAL  MANUALS. 

In  urratiglns  for  tliis  Series  it  haa  been  the  design  of  the  piiblisheis  to  provide  tha 
profeHsion  with  n  c<~il1«ciiou  of  authoritative  monographs  on  imporUmt  clinical  tubjecM 
ID  fl  cheap  Mnd  portable  form.  The  appended  list  of  authon  and  titles  will  ^re  an  idak 
of  tbe  senerul  plan,  and  details  r^anling  aixe  and  price  may  be  ezjiected  nt  on  tvKj 
day:  HuTCHiiraoK  on  SjfpliilU;  Savaob  on  htmntlif,  vuiading  HytCeria;  Bkyant  oa 
the  Srrail;  Treves  on /n(«eiW  ObstruUUm;  Morbw  on  SurgiaU  Dittom-t  of  lh«  Kidiitjii 
BKOADBKHTonthePuftre;  BuTLni  on  the  Ibngu*,- Owes  on  airyieai  Diftaia  of  (Mdrmj 
Ldcab  on  Dittata  of  the  UrOhra ,-  Marsh  on  naeata  of  the  JoitOt ;  Pice  on  Pentium  owl 
Didoeatumi.    For  separate  notices  see  index  on  lost  page, 

NELLL,  JOHN,  JILn.T^and'SMITS,  F.  G.,  M.  D., 

LaU  Surgtm  Ui  <ht  Pmma.  BotpitoL  Pnf.  of  (ht  !n4MiiUi  of  Mtd.  >•>  [At  tlnin-of  Pwina. 

An  Analytical  Compendium  of  the  Tarioiu  Bronohes  of  Hedical 
Scienoe,  for  the  nm  and  examination  of  Students.  A  new  edition,  revised  and  improved. 
In  one  veiy  Iht)^  rojal  12mo.  volume  of  974  pages,  with  374  wuodculs.  Clotb,  $4;  strongly 
bound  in  leather,  raisud  bonds,  t4.75. 

LUDLOW,  J.  L.,  M.I>., 

Onuxlr.n?  /'Auiu-uin  to  thi  PKiiaiAphta  BatpUal,  te. 

A  Hanual  of  Examinationa  upon  AtuOomT,  Phydnloey,  Sui^ery,  Practice  of 
Medicine,  Obsictric^Mjiteria  Medico,  Chemistry,  Phannacy  iind  Thcrnpeutiw.  To  which 
Ib  added  a  Medical  Formulary.  Third  edition,  thnroughW  revised,  and  greatly  extended 
and  enlnrged.  In  one  hnndsome  Myal  121U0.  vohime  of  Hllt  large  pBge»,  with  370  iltiu- 
tntlions.     aotb,^.25)  leather,  (3.70. 

The  arrangemMit  of  ihb  volume  in  the  form  of  question  and  answer  renders  it  espe- 
dally  suitable  for  the  olGce  eiaminntion  of  students,  and  for  thoac  preparing  for  gmdiiation, 

WILSOy,  ERASMUS,  F.R.  8. 

A  System  of  Human  Anatomy,  Genimil  and  Special.  Edited  by  W.  H. 
OoBBCCHT,  M,  I).,  Profewir  of  General  ood  Siii^cal  Analonty  in  the  Medical  U>1]«^  of 
Ohio.  In  one  large  nnil  handsome  octavo  volume  of  Qlti  pai^a,  with  3U7  illualratluoB. 
aoth,  $4.00;  leather,  fr'i.OO.         _       _     _  ^_^^_^ 

SMITH,  H.  IT.,  M.D.,  arul  HORXER,  WM.  E.,M.D., 

Emenl^  t\vf.  >:/  SutfftTji  m  Iht  Unit,  of  Pmm.,  tlf.        title  Pn,/.  a/  A  tiaL  in  lAi  rjitiv.  of  Pmmi. 
Ad  Anatomical  Atla^,  lUnstrative  of  the  Structure  of  the  Iliunan  Itody.     In  ona 
large  imporliil  octavo  volume  of  200  pagt*,  with  034  beautiful  li|^ir«s.      Qolb,  #1.60. 

CLELAKD,  JOIlN\M.  h.,  F.  R,  S., 

Profatnr  af  An/ttomti  and  Ph^niiloipt  ^1  ^MWn'f  Coii'Qit  ^I'mll'. 

A  Directory  for  the  OisaeotioB  of  the  Humou  Bcxi;.     In  mm  mnw.  j 


Henkt  0.  Lea's  Son  &  Co-'s  Poblications — Anatomy.     ^^^H 
AX.LEN,  HARRISON,  M.  D., 

Profcaor  n/  PhtfaiuUigy  in  Iht  Univcrml^  of  Pmnti/Ivitiia. 

A  System  of  Human  Anatomy,  Including  Its  Medical  and  Stirgical 
Relations.  For  llio  use  of  Prucfitiunera  and  Students  of  Medicine.  With  an  hilro- 
ducloiT  Section  on  Histology.  Bj  E.  O.  Shakespeare,  M.  T>^  OphthaJmologisi  to  the 
Philadelphift  Hospital.  CoinpriBing  about  825  doable-columned  quarto  pases,  with  380 
illiiBtralioDB  on  109  full  page  lithugrsiihic  plates,  many  of  vluch  are  in  colore,  and  241 
engraTinEB  in  the  text.  In  six  Sections,  each  in  a  portlolio.  Section  L  HisTOl-oaT. 
Beelion  ft.  Bobes  ASO  Joimts.  Section  III.  Mdbclbb  and  Pasclk.  Section  IV. 
Abtebus,  Veu-'s  and  Lymphatics.  Section  V.  Nebvocs  Systeu.  Section  VL 
Organs  of  Sekse,  of  Dioestion  and  Genito-Urdiary  Oroaks,  ExsBvoi^oaT, 
Dbvklopmknt,  TKaATOLOGY,  Superficial  Anatomy,  Post-Mortem  ExAHmATioHS, 
AMD  Obiteral  and  Cunical  Ijidexes.  Jatt  readu.  Price  per  Section,  each  in  a  liandBOiiie 
portfolio,  $3.50 :  also  bound  in  cloth  $23.00;  very  handsome  half  BiiBsio,  raised  bonds  uid 
open  back,  f  25,00.  For  tale  by  tHbecriplian  onli/.  Apply  Ui  ihe  PiihUeherr. 
Extract  from  IntroductioD. 

It  ia  the  deei^  of  this  book  to  present  the  tiicts  of  human  anatomy  in  the  mniuier  best 
■uiMd  to  the  requirements  of  the  student  and  the  prartitioner  of  medicine.  The  author 
believes  that  such  a  book  is  needed,  inasmuch  as  no  treatise,  as  lar  as  he  kno^TS,  contuUk  io 
addition  to  the  text  descriptive  of  the  subject,  a  syetemntic  presentation  of  euch  anBtotmol 
facta  Bs  can  lie  applied  to  practice. 

A  book  which  trill  be  at  once  accurate  in  statement  and  conrise  interroa;  wbidi  «iUb« 
an  acceptable  eipreesion  of  the  present  state  of  the  science  of  anatomy ;  whiei  will  ezclnde 
nothing  that  can  he  made  applicable  to  the  mediad  art,  and  wliicli  -will  thus  enibnu«  sU 
of  BUrpcal  Importance,  while  omitting  nothing  of  value  lo  clinical  medicine, — would  appear 
to  have  an  excuse  f»r  existence  in  a  country  where  most  eureeons  are  general  practiUoner^ 
and  wliere  there  are  few  general  practitioners  who  have  no  interest  in  surgery. 

Ills  to  be  RHutdersd  •rtnd]' of  applied  umtomr  I  core,  and  ut  Blmp);  suparb.  There  it  as  maeh 
Id  11a  HidBBt  eease — ■  syslenialii?  pieKiiIallon  of  ot  pnctlcaJ  applimtion  of  >uloml«l  poliit«  to 
■uch  anaiomical  fOcta  as  can  be  applied  lo  the  the  evory-dav  naia  of  the  medical  eliiiiclau  u 
practice  of  medicine  as  nell  m»  of  snrEery.  Oar  to  tliase  of  ttie  npentina  BurnDn.  In  Uct,  ffaw 
author  [n  cDaclse,  acouraie  and  nraaifcal  In  lils  seneral  pmotltlonerB  wlirread  the  work  witliecila 
atatanents,  and  enoeeedB  admlrBbly  in  inruelng  feeling  ot  eorprlBed  entlHoatiou  that  ■>  amnj 
aalatereatiatotheetudvof  whatlsgeceraltv  coo-  DDlnts,  coocenilDE  wKieh  ther  ams  Derer  hia** 
-" — -'-■' '■— .    The  department  of  HiBtol.    iliougbt  berorears  ■oweli  preHnled  forlhelrean- 


tered  a  drv  sutitect    The  departmeDlof  Hielol. 
J  ts  treated  in  ■  munerly  Tnanner,  and    t)ie 


•IderslloD.    II  la  a  work  which  ia  daanuad  tt 


CJjAJlKE,W.  B.,F.S.C.S.  Jb  LOCKWOOD,C.  B.,  F.B.C.S. 

Dmifmitralorinf  Analonyal  St.  BartKolomiv'a  Boipilal  Maiieai  Sthool,  Landm. 
Tlie  Dla&eotor's  Manual.     In  one  pocket-size  12mo.  volume  of  396  paseo,  with 
49   illnBtrutioQE.     Limp   ciotli,   red  edges,   JI.60.      Jv*t  ready.    See  Studail^  Seria  if 
Mannaie,  page  6. 
This  ISBTeryexcetlenlDiBnualfnr  the  iireef  the  I  part,  are  gDr>d  and  inBlmcttve.    The  book  la  naai 

odBofdemooBtratJon  eeem  touBTeiyBatlsftttory,    floKm  JfrflsaJ  nnd  fiu™iml  Journal,  Jan.  IT,  UM. 
There  are  many  woodcuts  which,  for  tlie  moBt  | 


TREVES,  FREDERICK,  F.  R.  C.  S., 

Smior  Dcntmitralor  of  Analom}/  and  AitUlant  Surgeon  at  Ue  London  BotpUaL 
SUTKical  Applied  Anatomy.     In  one  pocket-site  12mo.  volume  of  540  J»ga, 
with  61  illustrations.   Limp  cloth,  red  edges,  f2.00.     JiuM  rmdij.     See  Sludeiaif  Stria  n? 
Manuala,  puge  5. 

Be  has  prodiiced  a  work  which  will  cotntnand  n  I  quickened  by  dally  Dso  M  ■  leuher  and  ptacti- 
largeroircieof  readers  than  the  claee  for  which  It  tioner,  haa  enabled  our  author  lo  prepare  ■  wort 
waa  written.  Thia  unioD  of  a  tliorougb,  practical  which  It  would  be  a  nioei  difflcall  taak  ta  eioL— 
aaqU^Dtance  with  these  raadsRienta]  branchca,  |  The  Amaitni  PracUtUmer,  Feb.,  Irm. 

CTJRNOW,  JOHN,  M.  D.,  F.  R.  C.  P., 

fto/Mior  of  Ariofomy  al  Kinrfa  CMiegt.  PlinsKian  nl  KVn^f'i  CbOtfi  Honjiihil. 

Uedical  Applied  Anatomy.    In  one  pocket-size  12mo.  volnm«.    l\tpaitif 

See  Slvdenl^  Seritt  of  J/iin«a/«,  page  5. 

BMLLAMT,  liDWAMO,  F.  B.  C.  S., 

Senior  Aaitlaitl^Surgton  to  Mt  ClMring-O-iiM  HtHpitat,  London. 

The  Student's  Guicle  to  SurKical  Anatomy;  Being  n  Dcecriptinn  of  il» 
most  Important  Surgical  Regions  of  the  Human  Body,  and  intended  as  an  IntroducUnii  u) 
Operative  Surgery.    In  one  12mo.  volume  of  300  pages,  with  60  illusLnitions.    ClDtb,  (Hi- 


HARTSH0RNF8    HANDBOOK   OF   ANATOMV  I  HORNER-SSPECIAL  ANATOMY  AKD  BlHTOli 
_  ^^y     Eighth  odilion,  eiteo«l«ly  rerHed  W 

modlfled.    la  two  onlavo  lolumai  of  luOTja** 
irtlliSaiwQoiaHB.    aoth,(wa.  "■ 


HattBT  C.  Lea's  Son  A  Co.'s  Publications — Anatomy. 
OBAY,  HENRT,  F.  JR.  S., 

Ltitwvron  Aaniomyat  Si^  Ooorge't  Hospital,  London. 
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L  George's  IIcKpitiiL    Edited  by  T.  Pickering  Pick^  F.  R.  C,  8.,  Surgeon  to  and  Lecturer 


bDKliuul.  A  new  American  from  the  tenth  emarged  and  unproved  Ixnidoii 
0  which  is  added  the  second  American  from  the  latest  Ensliah  edition  of 
Laxdiures,  Mzdical  aijb  Suboical,  by  Luthkb  Holder,  F.E.C.8.,  suthor  of 
"HnnuiD  Osteoliw',"  "A  Manual  of  Dissections,"  etc.  lo  one  iraperial  octavo  volume 
id  1023  pages,  with  664  large  and  elaborate  engravings  on  wood.  Cloth,  $S,00 ;  leather, 
t7.00;  very  handsome  half  BiiBsin,  raised  bunds,  $7.S0. 

This  work  covers  a  more  extended  range  of  subjecW  than  is  customary  in  the  ordinary 
text-books,  giving  not  only  the  details  neceaeary  for  the  student,  but  also  the  application  la 
those  debuls  to  the  practice  of  medicine  and  surgery.  It  thus  forms  both  a  guide  for  tha 
leuner  and  an  admirable  work  of  reference  for  the  active  practitioner.  The  engravings 
fenn  a  special  feature  in  the  work,  many  of  them  being  the  size  of  nature,  nearly  aU 
flrii^iM],  and  having  the  names  of  the  various  parla  printed  on  the  bodyof  the  cut,  in 
place  of  fignrea  of  reference  with  descriptions  at  the  foot.  They  thus  form  a  complete  and 
splendid  series,  which  will  greatly  assist  the  student  in  forming  a  dear  idea  of  Anatomy, 
Hid  will  also  serve  lo  refresh  the  memory  of  those  who  may  find  in  Che  exigencies  of 
piactice  the  necessity  of  recalling  the  details  of  the  dissecting-room.  Combining,  as  it 
does,  a  oomplete  AtUs  of  Anatomv  with  a  thorough  treatise  on  systematic,  de«criptiv« 
Mid  applied  Anatomy,  the  work  will  bo  found  of  great  service  to  all  physicians  who  receive 
students  in  their  omcee,  relieving  both  preceptor  and  pupil  of  much  labor  in  laying  the 
gronndwork  of  a  thorough  medic^  education.  . 

Landmarla,  Medieai  and  Sargieal,  by  the  distinguished  Anatomist,  Mr.  Luther  Holden, 
has  been  appended  to  the  present  edition  as  it  was  to  the  previous  one.  This  work  gives 
in  a  eleor,  condensed  and  systematic  way  all  the  informstion  by  which  the  practitioner  can 
determine  from  the  external  surface  of  the  body  the  position  of  intemnJ  parts.  Thua 
coniplele,  the  work,  it  is  believed,  will  furnish  all  the  assistance  that  can  be  rendered  by 
type  and  illustration  in  anatomical  study. 
~ "        "■ "  "  TlierB  [a  probably  no  worlt  uned  «o  nnWersally 

t^  phVBlclBDR  BDd  iDedliwI  nudeaU  is  Ihla  on*. 
It  ts  dtiwrlDg  of  tha  eoafldeocfl  that  thajr  re»u 
)alt  Ifth«pr«aeDladit!ODlBeompw«d«l(hUial 
l»u«d  two  jettrt  ago,  one  wlH  raiulily  h«  bow 
nmr.h  It  has  been  Improtsd  la  thai  Urn*.  Haay 
pagfli  have  been  addad  to  the  tsEt,  eapedlaily  In 
ihoae  parta  that  treat  af  hlstolanr,  and  man*  new 
ODts  hare  be«n  Introduced  and  oFd  onu  inDdiflML 
— Journal  of  thi  AmiHtan  Mtdiml  AuaeiaOoit,  Sept 


tn  the  lentb  BogllBh  edlitOD.  Ai  lis 
HUB  inauaHM,  It  haa  puHd  Uironih  ta»aj  hands 
and  ba*  racalred  many  addlUoaa  and  rsTiniona. 
Tha  work  li  not  lUHepllbla  of  mora  ImproTamant. 
Taking  11  all  in  all,  lit  alta,  mimner  ol  maka-np, 
Um  oharaotar  and  llluatratioDS,  Its  genoral  acaui^ 
■n  of  deHriptlon.  Its  pnutlcal  ^m.  aoil  its  psi^ 

tKiwantaoffhPsludontan.lpfaotltlonof.-MHllral 
ateard,  S^L  Ifi.  18BS. 


ALBO  fob  SAI.E  SEPABATB — 

HOLDEN,  LUTHER,  F.  B.  C.  8., 

Surgron  l<,  St.  Bnrllifilomlr't  and  the  Foatidling  HolpltaU,  Londim. 

liandmarkB,  Medical  and  Survic^.  Second  American  from  the  latest  rerised 
EngUsh  edition,  with  ailditions  by  W.  W.  Keen,  M.  D.,  Professor  of  Artistic  Anatomy  in 
the  Pennsylvania  Academy  of  the  Fine  Arts,  formerly  Lecturer  on  Anatomy  in  the  Phila- 
delplila  School  of  Anatomy.  In  one  handsome  12mo.  volume  of  148  pages.  Cloth,  $1.00. 
This  tittle  book  Ib  all  thai  IW1  be  deaircd  wttbln  I  almost  to  loarn  tt  by  heart.  IltaaoheHdlsgnoali  br 
tU  some,  and  it«  nmteDls  will  be  round  simply  Id-  eilenul  eumlnatfon.  ooular  and  palpable,  or  tha 
Taloahle  io  the  young  fura;eon  or  phystclan,  since  bod/,  with  such  anatomical  and  phyaloIoKlcal  (seta 
(he;  bring  befnre  lilm  fuoh  data  as  he  requlrea  at  as  dli«<itly  bear  on  the  miltJeol.  ft  la  anlaanllj 
•vary  onamlnation  or  a  patient.  It  Is  written  In  the  atudaafa  and  young  praotltlonor'sbook.— 1^ 
laaguage  so  clear  aad  Toacise   that  ooe  ought  I  ticim  and  SbrijnFi,  Nov.  IHl. 

HAJLTON,  JOHN  C,  M.  7>„" 

Profeaar  of  Phytialai/y  in  tht  Q/Uegi  of  PKytMani  and  Surgtoni,  Not  Tark. 

The  TopoKTCiptucal  Anatomy  of  the  Brain.  In  one  ver^  handsome  quarto 
Tolume  of  about  200  pages  of  descriptive  text.  Ulimtrated  with  forty-nine  life-sixe  photo- 
graphic illustrations  n(  Brain  Sections,  with  a  like  number  uf  outline  explsnatory  plates, 
u  well  as  many  carefully-executed  woodcuts  through  the  text.     In  prctn. 

ELLIS,  GEORGE  VINER, 

Demonstrations  of  Anatomy.  Being  a  Guide  to  the  Knowledge  of  the 
Hainan  Body  by  Dissection.  From  the  eighth  and  revised  Liondon  edition.  In  one  very 
lundaome  octavo  volumeof  TlSpages,  with  249  illustratians.   Cloth,  H25;  leather,  ^.25. 


_ ;  I  (paclal  line.    The  desoriptioo . 

«t  Um  Bngllib  etndeat  or  anilomy.    In  ponine  i  malhodis  arpiir»ulDgaiiM0iDlca1iD''BatlniinasMn 
ItmniBh  eight  editions  II  has  been  so  revised  aod    glvaa  with  aach  dB\ai\tt«.  ^be  Vi^  u  ViamI4:^ 


\ 
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'  Tery  hi 

15.00; 


Henry  C.  Lka's  Son  k  Co.'e  PiTBLiOATiONa — PtayBioIogr. 


ItALTON,  JOHN  C,  M,  D., 

«S  Ptii/iiiilaff!/  in  thi  CBlUge  0/  Wmiemni  and  BuTgsmt.  Seie  Tort,  tit. 

A  Treatiae  on  Hmoan  Physiology.     DeEigneil  for  ibe  use  of  Studenu  noi 

PfBCtttioncrs  of  M^cinu.  Seventli  edition,  thoroughlj  revised  and  rewrltteti.  In  one 
handsonie  octavo  volume  of  722  psgea,  with  252  beautifol  cngravingB  on  wood.  Cloth, 
' ;  leather,  SC.OO ;  ver;  handsome  half  Kussta,  rused  banda,  $6.50. 
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Priifamr  of  Fhytioluyv  >"  Oonbridgt  Unit'ertUy,  Etiijlard. 

Text-Book  of  Physiology.    Third  American  from  the  foiittb  English  edidoa 
In  one  handaome  royal  12mo.  volume  of  over  1000  pug«e,  with  about  300  iUusi.    Pr^mrmy. 

A  notice  of  the  previoua  edition  is  appended. 
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Human  Fhyaiology.     In  one  handaome  pocket-sLte  12mo.  volume  of  396 
with  47  illuBtraiiouB.     Clolh,  $1.50. 
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Medical  Physics.  A  Text-book  for  Studenta  and  Pra«itioner«  of  Medicine,  b 
one  handaome  octavo  volume  of  about  600  pages,  with  about  250  woodcuts.     Prepairvag. 

The  object  of  the  author  has  been  to  present  in  a  clear  and  concise  manner,  without 
undue  tech nicalitiee,  the  most  modem  viewa  of  phyBicgln  Iheir  special  bearing  on  mnllral 
adence.  Familiarity  nith  the  lan-s  and  principles  which  govern  the  relations  of  fbroe 
and  matter  is  necessary,  not  only  to  a  clear  cumpreheueion  of  physiology,  but  is  an  inet- 
timable  aid  to  the  nhysician  and  surgeon  in  their  doily  practice;  yet  the  subject  is 
■tningely  n^lected  in  professional  ediicstion  and  is  one  for  whicli  the  medical  student 
has  no  special  text-book.  This  want  Professor  Draper  has  endeavored  to  supply,  aod  hia 
distinguished  repulatinn  guarantees  auch  a  presentation  of  the  subject  that  the  worii 
will  M  line,  not  only  essentiul  to  the  student,  but  of  interest  and  importance  to  the 
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CARPENTER,  WM.  B.,  M.  It.,  F.  R.  8.,  F.  G.  8.,  F.  i.  &, 

Etgiilrat  la  the  Umvernl,,  of  LimAi^  at. 

Frinoiplea  of  Human  Physiology.  Edited  by  Hesrt  Poweb,  M.  B^  Lond,. 
P.R.C.S.,  Examiner  in  Xiitutnl  Sciences,  University  of  Oxford.  A  newAmeriouilrom  the 
eigbtli  revised  and  enlarged  edition,  with  notes  and  ndditionx  b;  Frakcis  G.  Bmith,  M.  D., 
late  Profeiiiinr  of  th«  Institutes  of  Medicine  in  the  University  of  Pennsylvania.  In  OM 
Terr  lurgc  and  hnndaume  octuro  volume  of  1083  pstt^  ^th  two  plaice  and  373  Ultii. 
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ituj  of  [he  U.  S.  PhftnnBLVpoiin.     A  Munuftl  of  the  General  Principles  of  (I 
and  their  Application  to  MedicioB  and  Piinrraftcj.     A  new  American,  from  the  l«nth 
English  edition,  speclall?  reviseii  lir  the  Authur.     [n  one  hHndBome  rojal  IZmo.  volume 
of  72S  pages,  with  87  iUuntriilicWB.  'Cloth,  12.50;  lenlher,  f3.00. 
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ChemiBtry,  Inoreanic  and  Organic.     New  Amerioui  front  the  flftli  I«b-    I 
don   edition,   thoroughly  revined   hoJ   miipn   improTud,     In  one  Tery  handMiue  octavo 
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Inorganic  ChemiBtry.    In  one  lumdeome  volume,  with  itluairations. 

SIMON,  W.,  Ph.  D.,  M.  D., 

PrafmoT  of  CItemvlry  and  ToXitvlogfi  m  tA*  OiAlast  of  F>igiitioiu  and  Sarstnd,  A 
lyo/Hior  of  ClumUlry  m  f A>  ilaryliBui  Calltai  af  Phnrvuuy, 
Manual  of  ChemiBtry.   A  Guide  to  Lectnra  and  Laboratory  work  fiir  Bc^nnafli   1 
in  Chemifltr)'.     A  Text-book,  Bpecloltv  adnpteil   to  8ludentK  of  PharmHcy  and  MMinnb   J 
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Prinoiples  of  Theoretical  Chemiatry,  with  epeoiitl  reference  to  the  C«nsiita-    I 
Uon  of  Chemirul  (\>a)pounds.    Sccunil  atul  reviaed  edition.    In  one  bandjumc  lofal  I2aa, 
*olame  of  'i40  pages.     Clotli,  $1.75.     Jutl  ready. 
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FOWTfFS,  GEORGE,  Pli.  D. 

A  Manual  of  Elementary  Chemistry:  TheoMtiral  and  PracticnI.  ReviMJ 
and  aim-.Tted  iiy  IIesry  WATra,  B.  A^  l-'.  R.S,.  ErtlK.rof  A  Dictiosart  OF  CBEHUtTKr, 
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CHARLES,  T.  CRANSTOVN,  M.  D.,  F.  C.  S.,  M.  S., 

Farmtrln  AmL  Prof,  and  /Vnimijl.  of  Clirviulry  and  Chirnueal  Phyiia,  Qumn'j  CbUrgc,  Btlftat. 

The  Elementa  of  Fbyeiological  and  FBthological  Chemistry.     A 

Hnndbouk  fur  Medical  Sliideiils  nnd  Practitioners.  Conlaining  a  general  account  (» 
Nutrition,  Fooda  and  Digestion,  and  Clie  Chemistiy  of  the  TiieuH^  Oigana,  Secreticmt  and 
Eicretions  of  the  Body  in  Health  and  in  Dieeaee.  Together  with  the  methods  for  pie- 
paring  or  acpBrating  tlieir  chief  conB^tucntB,  as  also  for  tlieir  examination  in  detail,  and 
an  outline  syllabus  of  a  pixctical  course  of  inst  motion  for  students.  In  odb  haudsonie  ocIbto 
voliirae  of  4B3  pages,  with  38  woodcuts  and  1  colored  plate.    Cloth,  ?3.50.    Jvet  Brady. 
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A  Manual  of  Chemical  Analysis,  as  applied  to  the  ExaminatioQ  of  Medidmd 

Chemicals  and  their  Prepiimliona.  Being  a  Guide  for  the  Delermination  of  their  Identity 
and  Quality,  and  for  the  Deleetion  of  Impurities  and  Adulteraliona.  For  tlie  use  of 
Phannausts,  Physicians,  Dnie^ste  and  Macafacturing  Obemlets,  and  PbBmia(«utica1  and 
Medical  Studenia.  Third  edition,  entirely  rewritten  and  much  enlarged.  In  one  very 
handsome  octavo  volume  of  6'H  pages,  witli  179  illuatrationB.    Cloth,  f4.35. 
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An  Elementary  Treatise  on  Fraotical  Chemistry  and  Qtialitative 
Inorganic  Analysis.  Specially  adapted  for  use  in  the  Laboratories  of  Schools  asd 
Colleges  and  by  BegiuDers.  Second  American  from  the  third  and  revieed  EIngtish  edition. 
Inone  very  handsome  royal  12mo,  volume  of  372  pages,  with  47  iUusttMions.  Cloth,  ^6(L 
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A  nrjtant  Physician  at  Uv9  London  Hoapilnl. 
Clinical  Chemiatry.     In  one  pocket-size  12mo.  volume  of  3H  pages,  with  IS 
illuHtrvtions.     Limp  cloth,  red  edges,  Jl.SO.     See  Stvdfnis'  Seria  of  Matmm*,  page  5. 
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Elementary  QuantitatiTe  Analysis.    Translated,  with  notee  and  additji. 

Edojui  F.  Smith.  Ph.  D.,  AasiBlanl  Profeasor  of  Chemistry  In  the  Towne  Scientific  Si ^ 

University  of  Penna.    In  one  12mo.  volume  of  324  page«,  with  36  illust.     Qotfa,  93^. 
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A  Manual  of  Medical  Chemistry.   For  the  use  of  Students.    Based  upon  B 
man's  Medical  Chemistry.   In  one  l:2mo,  Tulume  of  310  pages,  with  74  illus.   Clotb,  K-li- 
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phannaoy— apparatus,  proocuseii  and  dinpemlng — 
has  been  arranged  and  deacribed  with  cliumeBa 
lo  Ke  inrlons  aspecte,  so  an  to  Bfford  aid  ud  iidtloa 
alike  to  the  ntudent  and  to  the  pnvtlcal  pharma- 


HX!MMAJnff  l>r.  L., 

Pro/aiur  of  PhyHalog^  in  the  U^iverUli/  of  ZvHcly. 

Experimental  Pharmacology.  A  Handbook  of  Methods  for  Determining  the 
Physiolaftioal  Ai-tions  of  Drugs.  Traoslated,  with  the  Author's  penuiaaiun,  luul  with 
extensive  additions,  by  Robert  Meade  SHrm,  M.  D.,  DemtinBtrator  of  Physiology  in  the 
Dnivecdty  of  Pennsylvaniu.  In  one  hnndsorae  12mo.  volume  of  199  pages,  with  32 
iUtiBtT&tiouB.    Cloth,  $1.50. 


Plot  Hermsni 


idbook.whlchDr.Smlcbha 
MMiauuMi  uuu  (ii[ii:iied  with  many  Tuluable  add! 
tl(nu,wlll  be  gladly  welcomed  by  those  engaged  li 
Oil  dBpartiaeDt  ol  phyaioloKy.  li  ie  an  excoUen 
UHto  book,  fall  of  oonelae  Information,  and  1 
ahoold  Bnd  a  place  in  eTery  iBboralnrj'.  It  ei 
pUna  the  Tsrloue  methods  sod  insCrunients  used 
Viapalnta  out  what  Itnea  of  Investigation  are  t 
b*  pniaDed  tor  aludylng  dllfarent  phenomeui 
Md  alao  tiow  and  what  partlnalarl;  to  obaerve,- 
itawriiYwi  Journal  of  Iht  afadicat  Seimcit,  Jan.  IGH 
TlieMleotlonafanlmalauid  their  managemeni 
(to  pMha  of  elimination  and  ehangca  nf  poison 
la  the  bod;,  theeiptanatlanuf  Uieiymptomapro 
daead  by  poisons,  alteratlona  In  liaane.  In  (he  re 
prodacave  ftinctlnD  and  In  temperaturi^  aoHon  oi 


cliangBs  pioducrd  hy  poliionB,  all 


•Ileal  In' 


The  book  Is  deaerrlns  of  a 


d  the 


Iha  (pirlt  and 

tendencies  of  modem  pharmaoolOEica]  raBearcb. 
Alter  cloaelv peifaainK  the  pages,  allladen lo orar- 
Bowing  with  the  rlehsst  boca  of  phyalalogieal  in- 
vestlgatioii,  and  after  following  the  astaundJoK 
proereaa  or  boiic  pharmactdogy  as  revealed  by  (hs 
aullior,  we  feel  that  wo  are  hs(  approaching  the 
realliBUon  oi  that  Utopian  dream  in  which  m 
beheld  experlmeotal  and  clinical  eiperleiwa 
Brmly  and  Inseparably  united.  It  la  a  reliable, 
eoncise  and  praotjcal  inib  mrcun  fi>r  the  time- 

S eased  worker  In  the  laboralory— iVm  OrUant 
aiiral  and  Suffieat  Jmrn^  U V,  IMS. 


MAJ8CJBC,  JOHNM.,  Phar.  2>., 

fro/f«or  ofMat/ria  M/dicn  n.i.i  flofam,  in  ffta  Philadttphia  CoUrst  of  F 

A  Manual  of  Organic  Materia  Uedica;  BcinK  a  Guide  to  Materia  Uedic&  ot 
the  Vegetable  unrt  .\uinial  KinKibro?.  For  the  use  of  Sludenta,  Druggists,  Phanaacisla 
■nd  Physi'jians.     New  eililiutl.     In  one  liundsome  royal  12mo.  volume.     Preparing. 


BRJmTO:N,  T.  LAJJDEB,  M,  J>., 

Ztetnrer  on  ilfilerla  Mcdica  nnd  Thtrapadia  at  St.  BaHholamew't  Bosjdlal,  ile. 

A  Manual  of  Materia  Medioa  and  Therapeutica,  includiQe  the  Phnrmncy, 

Ihe  Pbjsiologii'^l  Action  and  Ihe  Thernpeutical  Uses  of  Drugs.   In  one  hundaome  octavo 
volume.     In  i>rei«!.  ^__ 

BMUCE,  J.  MITCHELL,  M.  D..  F.  R.  C.  P. 

Materia  Medica  and  TherapeuticB.  An  Introduction  to  RatiiHujl  Treat- 
ment. In  'int  poctut-siiie  12mo.  volume  of  5jo  piiges.  Limp  cloth,  (1..50.  Jiul  raiili/. 
See  &adraU'  Sfia  of  Munuaii,  [>age  o. 

GMTFFITH,  ROBERT  EGLESFIELV,  M.  I>. 

A  UnivBraal  Formulary,  containing  the  Methods  of  Praparing  and  Adtninia- 
Mting  Officinal  aud  other  iledidnes.  The  whole  adapted  to  Physicians  ajid  Pharmaceui- 
iiU.  Tliird  edition,  thorouglily  revised,  with  uumeroua  additiong,  by  John  M.  Maiscb, 
Ph»r.D.,  Professor  of  Materia  Sledica  aud  Botanyin  the  Philadelphia  CoLege  of  Pharmncy, 
JnoP»  octavo  volume  of  775  pages,  with  3S  illurtntttOBfc    Caoth,  HM;  feather,  If'" 


f 


STLLZE,  A.,  M.  D.,  LL.  D.,  &■  MAISCB,  J.  31.,  Phar.t)^ 

PrefatorBmrrittaeftfit  Thtiirvanil Prvf  Pmf.oflSnl.  Mad.  sudBoMay  i 

Oa  of  Mrdiet-i  mwl  of  CVh-ImI  Midicme  Callrac  of  FliaT7,uia/,Sr--" '-'•■■ 

in  On  Uninertlly  of  Pmnt'/I.vania.  ran  PliirmaenUeal  Ai 

The  National  Dispenaatory:  ContamingiherraturalHiBtorj-jCheniistt;-,  Ph»r- 
mMT,  Acliotm  and  Uwe  of  Medicines,  iDclmliog  those  Teu)gniz«d  in  thePhamiacnpifUuof 
the  United  States,  Great  Brltsin  tind  Oermnii^,  with  mtmerous  referencfs  to  the  FtVDili 
CoduE.  Third  editino,  ihoruughlv  revitied  aad  greatly  enluged.  In  one  mngnifiitot 
iniperial  octavo  volume  al  1"G  pages,  with  311  fine  engravings  Cloth,  ^.25: 
leother,  $8,00|  half  RiusiBj  open  lack,  $0.00.  With  Dennison's ''Ready  Befereuce  Index'' 
tl.OO  in  addition  to  price  in  any  of  above  styles  of  binding.    Jxitl  ready. 

When  TiiKNATioB*.LDi8PB»aATO»T  first  appeared  in  IS79it  washailedMSUpptying 
s  vanl  that  had  long  been  felt  in  both  the  Medical  and  Pharmaceutical  Profeasions.  Ita 
Accuracy,  its  fulness,  its  concisenete,  the  happy  raanner  in  which,  while  omitting  aU  tbU 
was  obeoleie  or  merely  curious,  it  gave  all  the  information  thai  the  practitioner  or  dn^ 
gist  could  desire,  not  only  with  regard  to  the  gele^^ion,  preparation  and  compounding  (£ 
drugs,  but  their  physiological  effecia,  their  therapeutical  use  and  their  clinical  value,  nTe 
It  at  once  an  unapproached  position  aa  a  standard  noA  and  an  indispeoBable  bo(£:  (rf 
referencs. 

Id  the  present  terinon  the  authors  have  labored  incessantlv  with  Ilie  view  of  making 
the  third  edition  an  even  more  complete  representative  of  the  science  of  1^84th«t]ila 
first  edition  wb«  of  that  of  1879.  For  tbifi,  ample  materia]  has  been  afibrded  not  only  by 
the  new  United  States  Pharmacopceia,  but  by  those  of  Germany  and  Fiance,  which  nave 
recently  appeared  and  been  incorporated  in  it,  besides  a  large  niunberof  new  non-officinal 
remediee.  It  is  thus  rendered  the  representative  of  the  most  advanced  state  of  American, 
English,  French  and  German  pharmacology  and  therapeutics.  The  vast  amount  of  new 
and  important  material  thus  introduced  may  be  gathered  trora  the  fact  tliat  the  additioni 
to  this  edition  amount  in  themEclves  to  the  matter  of  an  ordinary  liill-aiied  octavo  volume, 
rendering  the  work  larger  by  twenty-five  per  cent,  than  the  last  edition.  The  Therapeu- 
tic Index,  so  suggestive  and  oonvement  to  the  practitioner,  ocntains  1600  more  refervnocB 
than  the  last  edition — the  general  index  3700  more,  while  the  list  of  iUnttratiaiB  his 
been  increoaed  by  80. 

Yet  these  futs  inadequatelv  represent  the  amount  of  labor  beeiowed  on  Uie  iwisiaii, 
for  It  has  not  simply  consiated  in  makini;  additions.  The  effiirt  has  beoi  to  prereBt 
nikdae  increwe  of  the  volume  in  bcdk  by  having  in  it  nothing  that  could  be  regarded 
M  luperfluouB,  yet  care  hat  been  taken  that  nothing  should  be  omitted  whidi  a  manber 
of  eiuer  profeaaion  could  expect  to  find  in  it. 

The  appearance  of  the  worit  has  been  delayed  by  oesrly  a  year-  in  CMtteqaenoe  dth» 
determination  of  the  authors  that  it  should  attain  as  near  an  approach  to  ahaoluM  no- 
oncy  as  is  humanly  poadble.  With  this  view  an  etaboiste  and  laborious  terut  of 
taamtnalioM  aad  teaa  have  been  made  lo  verily  or  oorrect  the  Katetnentscf  tbePbanna- 
a^HBia,  and  very  numerous  carrectioiB  have  been  fbund  necenaiy.  It  has  Ikos  bee*  ran- 
dei«d  indispensable  lo  all  wbo  oonmll  the  Phannaoapceia. 

^  The  work  i«  therdbre  presented  in  the  full  eipectauon  that  it  wiD  """w*"  tba 
poHtion  universally  acoordnl  to  it  as  the  standard  authority  ii     " 


Its  subject,  »e  regi^ering  the  fuTthest  advance  of  the  science  of  the  day,  aad  aa  ^iJndy- 
ias  in  a  shape  for  convenient  reference  the  recorded  resulla  of  human  experMBce  ik  tM 
I^onlory,  in  the  diqienung  room,  and  at  the  bed-side. 

JFASQUSASSOy,  ROBERT,  M.  !>., 

Lfmw  (■  jr<«na  Uidiei  mi  A  lUmyt  Btt^ittl  Mtt-Mt  Bltnl. 

A  OnidA  to  ThenipenticB  and  Kateri*  Kedica.  Third  Awrmm  tUOm, 
wdally  f«viMd  by  tbe  Anthoc.  EoUrged  Htd  ada{>««d  lo  ik  U.  S.  riiai—iijiiiii  W 
fkun  WooDHrmT,  H.IX    Ibooc  han&MM  I^kCkTohuMcr  5M  pigM.    Cloi£,|Ufc 

f\MftVtai«U*kWanb*lnite><^MaBtfeair«7^*«SC'i^S»«<<'MaM«clMkM«*aMkar 

, SMOfifalaM  wMiiaSMMa Id llw scovMtin <«  Mm dtoMM  ia  wkiA gfe«n«*  (wko K* aaari* a»< 
jfa^  lf^ti»-i»ni— apgaMnln— iia— y  nn  noOKwd}  Iw*  (MatovJ  »•«  ll~wX  A- 
Mtofwkto^aiatakaaftawvtowirftlHHaca  ■■fa  ■■>«  s  wvt  fJ  a  fill  «Uhs^ 
— u- ..  .w  .« . .  — ,— i-    ehi»»w*B«ala*a«r«»i«(h»pnw«i™|»«ii3- 

■    -    ~    •  "  •^    ■•"  J  ^      im  w 

8TILLB,  AUFRXD,  M.  D.,  LL.  D., 

r  f-i   -TTr-  -j  -•■- -_"'-'  —  ^" — ■  "-•  ^■■-" —  Tf^ — 

Theiweatica  and  KaMria  ICedioa.  A  SyWewtie  Tnui&ttm  (be  Aakm  wd 
UsM  uT  lledkual  Agents,  iftdndhig  tbeir  r-mnpckn  and  Bisucw.  Fo«nk  ^Olim, 
■■vfaadMrf  (olafKoi.    In  twolamanJ  kHidscoM  wt>to  ■  *■  ■  "  — J.— »»■»  l«a*  m— » 

»,  1)0.00:  fc»tfc«r.fliO0:  _ 


r 


phyii. 


LodcBlrea  work  tor  ■Mdy  or  nfCr- 1  not  limited  to 


HxHaT  G.  L£A'a  Son  Je  Co-'s  Pubuoatiohb — Tberap.,  Pathol.)  Hlstol,    13 
COATS,  JOSEPH,  JU.  -D.,  -F.  f.  JP.  A, 

FaViologiMl  to  tin  Qtaigiiw  Wtatem  Mrmanj. 
A.  Treatise  on  Fatbology.     In  one  very  huidsome  oclavo  volume  of  S2f>  pages, 
with  339  beautiful  itluBliations.     cloUi,  (5.50;  leathec,  (6.50.    Jujt  recuf^. 
Tb»  work  batore  ui  treati  Iha  aubjevl  t>I  Path- ;  vandilion  effeoted  In  ■tniriuro  by  dlneu*,  and 
"     '       ■    •    pofaU  out  the  (^hUAOlf  rlfltlot  of  votIoub  moTt^d 

■a«nrr»«.BnLhBtth»vf-m|be«llvflf  EvriH^lfiFd-  BdV 

Ktomi.itfipIiiniidiJlybair 

, very  thoro'oghro«nner,bulViihou(  lOondliTonn.    Thsrei*  nothing  Iwtnngfng  to  ri»  de- 

proUzitr,  win  ovrtsInU  gire  Uiln  one  the  prefsi^    puimeatof  rasdiclna  that  la  Dnivtolly  elucidated 
anoe  to  any  aith  whLob  w«  aiwaualDtad.  It  aoIa    a^onr  present  knovladin  Till  admit. —  (AneinmaU 
bttta  the  moBt  noenl  dlHoierlen,  exhibits,  in  an    ilaliai  Ntiei,  Oct.  1883. 
lataraatlng  nuoner,  tbs  changes  Dvm  a  normal  I 

GREEN,  T.  HEN^Y,  M.  D., 

Ltrlurer  an  Path„l.,gu  ind  J/orMd  dnolomj,  n(  CUaring-Oroit  ffoipUai  Jfadtcol  ScltlKll,  iondo*. 

Fatbolog7  and  Uorbid  Anatomy.     Fifth  American  from  ihe  sixth  revised 
■nd  enlarged  EngUeh  vditiua.     In  one  vet?  handwrne  oulavo  volume  of  4S2  ptgea,  wilh 
150  line  eiigmvings.    Cloih,  J2.Q0.    Just  ready. 
~ 1b  work  Indi- 1  and  thai  the  aulhofB  ardor  romalBii  unabated.  Wa 


Y8dly«u 


--—   -^-^  __.  .^.jedpopulai--^ 

a  doulila  plaaanre  to  iboee  wFid  hi 
tbuir  aarl;  dKbts,  U>  flnd  that  Ihe  i 


onBdi 

ndpr 

uiguage.— 


t ' deal 


lenlly  r« 
ractftioi 


il,  Jul;  ID,  11 


torgottf 

ftr  Dr.  I  _  ^  ^ 

WOODHBAIt,  G.  SIMS,  M.  D.,  F.  B.  C.  P.  E., 

DETWnifrolor  of  Pallmlogy  in  i)it  Vnitirrtily  <^  Edinbariih, 

Practical  Pathology.  A  Manuul  far  Studenw  and  PntFtitionctB.  In  one  vtij 
beaulifiil  octavo  volume  of  40T  pages,  with  13S  ezquisitel;  colored  illUBtistioDs.  Cloth, 
$6.00.     Jvit  ready. 


aotlTlly,  Ih 


S^Sfo« 

..  Ib  liMtaiir  theflnl  ihotougb  attempt  to  d«d 

tQllv  wltli  the  sabjeot  of  practical  pathology,  aa- 
paoUUr  In  Ita  hUtol«l(sI  aspect,  and  In  mahoer 
and  BOOM  It  ilandB  ajose.  ThSTaatni^orltyof  Iha 
Snrea  Interpolated  In  the  leit  are  colored,  and 
oolored  bo  aa  to  reprodace  with  tolerable  eiaotltade 
tba  BppearaDcea  of  seotloiu  itained  with  various 

COiJJVTL,  v.,  and 

Pro/,  in  lAt  Facullv  ofjfed.  <^  Farii 


Kve  fbnned  a  verrhlgh  opinion  of 
'0  candidly  admit  that  there  1b  In 
Bioeptlon  could  possibly  be  taken. 


•  wide  elroolaUon.  It 
incoonge  the  purtult  of  paUl- 
IvaataRea  lu  hlstoloslcal  atody 
ean  offered.— 7%*  LanetU  Jan. 


JRAJ/TJES,  L., 

Prof,  in  the  OiUtgi  of  fVanea. 


t  and  Ophthalmic  Surgeon  to  Philadelphia 
,  ,  ,  ,,  Demonatralor  of  Pathologioil  Histolop'  in 

UniverBily  of  FenDsjlvnnia.     In  one  verj  handsome  octavo  volume  of  800  pa^^es,  with 
860  iUnstnttioiu.    aotb,  f5.60 ;  leather,  (6.50 ;  half  KusbIs,  raised  bands,  $T. 

One  of  the  moBt  lomplala  TDlumeaon  patholoo-  \  Thaa  aide  by  aide  phntological  aud  patholoKleal 
loalUMoIocrwa  have  ever  Men.  Tba  plan  of  alai&  aoatomy  p>  hand  In  hand,  affbnUug  that  bast  of 
ambTBOad  withia  Ita  oagea  la  eaaentlBlly  prafltleaL  a)1  proceaaea  In  demonatratlODS,  oompartBon.  Tba 
Monnal  UBsaaaara  duauawd,  and  after  tbelrlbor-  admirable  arrangemaDtof  the  work  aflbrds  Ikoilltr 
ooeh  demosMratloii  ire  are  able  to  oomiwre  any  Id  the  atady  ol  any  part  ot  the  human  aoonomr.— 
pauologioal  obange  which  haa  oocurred  In  then.  |  iirBBOrl«aiJf8il»riJan4AiryicaJJoania<,JaaaJnL 

KLEIN,  E.,  M.  D.,  F.  R.  S., 

Jofnf  Lfrlurer  an  QmrtnX  Anat.  and  f%a.,  in  t&a  Vad.  StAool  e]  Si.  BvCJMoruir'l  Boip.  LomieH. 
Elementa  of  Histology.    In  onepocket«i«12mo.  volume  of  360  paMa,  with  181 
illuH.    Limp  cloth,  red  edges,  J1.50.     (See  SttuletitJ  Stria  of  SfamiaU,  page  50 

Although  an  elBPieniary  work.  It  isbynomeana  I  ThaUluatiatlanaBrenuineraasandeieellenl.    We 
aupcrflolal  or  incnmplele,  for  the  author  preaeata  I  oommend  Dt.  K.lelD'a  ffiamanU  most  heartily  lo 
In  coQDlMUoguige  nearly  all  the  fuDdaiueutal  bate  I  the  atodent.— JVadilcaJ  Jlecord;  Dec.  I.uaa. 
regarding  Iha  mioroBcople  BtruoCure  of  tluaes.  | 

PEPPDE,  A.  J.,  m7b~M-  S;  F.  B.  C.  S., 

Surgton  nod  LtUvtr  at  St.  Jfiuy'i  BaipUal,  Landoa. 
Surgical  Fathology.     In  one  pocket-size  12mo.  volume  of  511  pa^es,  willt  81 

'---'—    " '-h,red  edges,  I2.1JD.    SeeSttuienU'&rteao/iraniuiZt.paged. 

and  wall  aelefted.    The 


I 


illuBtratiouB.  Limpcloth,rededges,{2.(J0. 
It  la  pivpBied  especially  tomeettherequlren 
oftheatndent,butcontainBmuchDf  intereatro 
HDanI  eraotiUoDer.  The  author  has  auooe 
admlrabb  tn  pnttfaiB  the  woril  forward  In  the 
praoUDal  mnD,  and  he  deaervea  great  pcalae  fo 
luddlt)'  ot  atyla  and  brertty  ot  deaerip 


eLOSETS  ATLAS  OF  PATHOLOGICAL  H 


..JO  wish  a  ooDolse  andetearMpoelllonnfaomaol 
the  Intricate  problem  a  of  aorwiDal  patholoaj.— JVai  A- 
vUit  JtHimU  t/  ifttlMiw  otiirainKrtr,  Jan.  UM. 
OGT.    TrauBlated  by  Joairn  Liim,  U.  D.    In  nne 

TOlame,  rery  large  imperial  quarto,  with  sn 
coppei^plate  ftgnrcB,  plain  and  colored,  and  dce- 
crfptlTB  Intlsr-praBa.    Cloth,  tt.OO. 


JFLnfT,  AUSTEf,  M.  J>., 

prof,  of  tin  Frinnpltt  und  Praeliet  of  Sfed.  and  of  Clin.  Mtd.  in  Bttlmue  BotpUal  alaiieat  CoOegt,  X.  T. 

A  Treatise  on  the  Principles  and  Practice  of  Medicine.    Demgned  lor 

th«  tise  of  Students  and  Practitioners  of  Medicine.  With  an  Appendix  on  the  BescarchM 
of  Koch,  and  their  bearing  on  the  Etiology,  Patholci^,  DiEignoBia  and  Treatment  of 
PhthiBia.  Fifth  edition,  revised  and  largely  rewritten  In  one  large  and  cloaelv-prinUd 
ootavo  volume  of  1160  pages.    Cloth,  $5.50;  leather,  $6.50;  half  Russia,  {T. 

Kocb'e  discoTerr  of  the  bndllus  of  tubercle  gives  promise  of  being  the  grcauit 
boon  ever  conferred  by  sdence  on  humuiity,  Burpnssing  even  vaccination  in  its  benefits  to 
mankind.  In  the  appendix  to  his  work^  Professor  Hint  deals  with  the  calqecl  from  « 
practical  standpoint,  discussing  its  bearings  on  the  etiology,  patholcwy,  diacnosis,  prog- 
Doais  and  treatment  of  pulmonary  phthiHlB.  Thus  enlarged  and  completed,  Uue  standard 
work  will  be  more  than  ever  a  necessity  to  the  physician  who  duly  appredatee  the  re- 
ipon«ibility  of  his  calling. 

IbIt  Known  anil  •ccC'tii^d  u 
ftil-book  of  the  prwtiw  Df 
1  Hem  hurdl}'  vortti  wbllfl  (o 


gree  complimeniaty  of  11: 

Br.  Flint,  Bad  In  BUlggiilc,  ._  ... 
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JECABTSSORJfTE,  HENItT,  M.  J>., 

ia(%  Profeator  of  Hygime  in  (Ae  Vnivarttts  of  i^nMyftinnio. 

Essentials  of  the  Principles  and  Practice  of  Medicine, 
fiir  Students  and  Prn«titiuner)i.  Fiitli  edition,  thoroughly  revised  and  tewi 
royal  12mo.  volume  of  1!(!9  pages,  with  144  illustrations.     Cloth,  t2.'o ;  half  bound,  $3.00. 

Within  the  compUH  of  600  pages  it  treBtH  of  the  ' " 
bIsloi7  of  modiolne,  general  pathology,  gpneral 
■Tmptomatology.aadpb^lcal  diagnoslBtlaaladtng 
laryBgoaaope,  aphthaunonope,  eto.),gBBeral  the> 
anutlak  nosologjr.and  speoIalpUhMOS}'  and  prao- 
tin.  There  U  a  wondeml  amotint  ofliiforniallon 
DDDtalDSdlD  this  work,  and  it  !a  tine  of  tbe  best 
of  Its  kind  Uial  we  hare  aeen.— OIm^du  Medital 
Journal,  Not.  1888. 

An  Indhrprnubte  book.    Ko  work  over  eihiblted 
abetter  arernge  of  actual  pracdcal  trr>a(niunt  tliaa 
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I  a  glance  tbe  whole  HlenUoMoIanf 
enioBtTaluabletmUroeDt — CMeon 
1  and  Afamlner,  AprU,  liffi. 


BRISTOWE,  JOITK  STER,  M.  D.,  F.  R.  C,  JP., 

Phyaaan  and  Joini  LceluTcr  on  Meiiid'ie  at  Si.  Tlmma^  Bospital. 

A  Treatise  on  the  Practice  of  Medicine.  Second  American  edition,  rerimd 
"bf  the  Author.  Edited,  with  additions,  by  James  H.  HoTCHitiBOH,  M.D.,  physidan  to  the 
Pennsylviinia  Hospital.  In  one  handsome  octavo  volume  of  1085  puKes,  with  illusInticiK 
Cloth,  (5.00 ;  leather,  1;6.()0 ;  very  handsome  half  Russia,  raised  bani^  |G.60. 

Th«  rrader  will  God  etery  coDCi-lTabie  subject  I  ara  apnroprlate  and  practical,  and  gread*  add  U 
connected  with  the  practice  of  medicine  ably  pre-  ita  ueehilDeu  to  American  readen.— AifUu  Jfi4- 
Miited.  io^a  "'^'f,^  """^  j''!^'  |^'B^'t'°S  *"■'  I  i<m  and  Surgicti  Juxmal,  Manb,  ISSD. 


made  ^  Dr.  1 


WATSOJf,  SIR  THOMAS,  M.  !>., 

LaU  Phggiaav  ui  Ordinary  ta  thf  Queen. 

Iicctures  on  the  Principles  and  Practice  of  Physicj.    A  l.    _„ 

from  the  fifth  English  edition.  Edited,  with  additions,  and  190  iilustrations,  by  Hxaiu 
Habtbhobhb,  A.  SIt  M,  D,  late  Professor  of  Ilvgiene  in  the  Unirereityof  PennsylTwui. 
It)  two  large  octavo  volumes  of  1840  pages.    Cloth,  19.00 ;  leather,  fll.OO. 


LECTURES  O 


_H  TBE  STU 

A.  Hdb*o»,  M.  D.,  M.  R 

volume  of  3US  pages.    Cloth,  13. 

STOKEff  LECTURES 


OF  FEVER.    By 


TherapBulloal'ltelBllona.lnlwolaPgoandhu- 
•ome  ootaTti  rolumea  of  IKW  pp.  Cloth,  tr.o). 
.  HANDBOOK  OP  THB  PlUSCIPi.ES  AM 
PRACTICE  OF  MEDICINE.  For  (he  ntml 
Student?  and  Prsctitfoners.  Bv  Fiuia  Wow 
near,  M.D.  In  one  royal  lima.  Toluroe,  Iril* 
IMjuCratloafi.    Prtpariag. 


aad  J.  S.  BajjHoi.    In  oc 


Bkuky  C.  Lsa's  Son  &  Co.'s  Publications — Practice  of  Med. 

For  Stile  by  Subeeription  Only, 

THE 

AMERICAN  SYSTEM  OF  PRACTICAL  MEDICINE. 

Edited  by  WILLIAM   PEPPER,  M.  D.,  LL.  D., 

PHOVOST  ANTJ   PBOPEaSOB   OP  THE  THEORY    AND   PRACTICE   OP   MEBlCiaE   AND   OP 


iWumM,   eonlain'mg   aioul    1000   pajM    each,    wUh    Uliatraiiont. 
'     Volume  /.,  lUMT  in  prai. 


The  publishera  feel  pardomible  pride  in  uiinuun<:ing  this  Din^ficent  work.  For 
three  veura  il  boa  been  in  active  preparatioa,  and  it  in  now  in  a  suJSi^eiit  slate  of  rorw&rd- 
nest  to  jnstify  tLem  in  calling  the  attentiuo  of  the  profession  to  it  aa  the  woric  in  which 
ftw  the  first  time  American  medicine  will  be  thoroughly  represented  by  its  tronhiest 
teachers,  and  presented  in  the  (iiU  development  of  the  pmotical  utility  which  ia  Ita 
preeminent  chomcteriBtic  The  moet  able  men — from  the  Eitst  and  the  West,  frotn  tlie 
North  and  the  South,  from  all  tlie  prominent  centres  of  education,  and  from  all  the 
hospitals  which  afford  special  opportunitiea  of  study  and  practice — hHTe  unil«d  in 
generous  rivalry  to  bring  together  this  vast  aggregate  of  spei^aliEed  experience. 

The  distinguished  editor  has  so  apportioned  the  work  that  each  author  has  had 
aadgned  to  him  the  subject  which  lie  is  peculiarly  fitted  to  discuss,  and  in  which  h><  views 
will  be  accepted  as  the  latMt  expresaioo  of  scientific  and  pntctical  knowledge.  The 
pnctitioner  will  therefore  find  these  volumes  a  complete  and  unfailing  work  of  reference, 
to  which  he  may  at  all  times  turn  witli  full  certainty  of  finding  what  he  needs  in  its  most 
recent  aspect,  whether  he  seeks  information  on  the  general  principles  of  medicine,  or 
minute  guidance  in  the  treatment  of  special  disease.  So  wide  ia  the  scope  of  the  worlc 
that,  with  the  exception  of  midwifery  and  matters  strictly  surgical,  it  embraces  the  whole 
domain  of  raedidne,  including  the  departments  for  which  the  physician  is  accustomed  V> 
rely  on  special  treatises,  such  as  diseases  of  women  and  children,  of  the  genito-urimuy 
ornnSgOf  theBkin,of  the  nerves,  hygiene  and  sanitary  science,  and  medical  opfathalntologj 
MM  otology.  Moreover,  authois  have  inserted  the  formulas  which  they  have  found  most 
efficient  in  the  treatment  of  the  various  affections.  It  may  thus  be  truly  regarded  as  a 
CoUPLETB  Library  op  Practical  Medicine,  and  the  general  practitioner  poesessing  it 
may  feel  secure  that  he  will  require  little  else  in  the  doily  round  of  professioiuJ  duties, 

Although  every  effort  has  been  made  to  avoid  the  introduction  of  matters  purely 
speculative,  and  to  condense,  ns  far  as  possible,  the  vast  amount  of  practical  information 
mmiahed,  yet  the  accumulation  of  indispenssble  material  has  been  such  that  it  lias  not 
been  practicable  to  present  it  in  less  than  five  splendid  imperial  octavo  volmoes,  containing 
ttbont  &000  beautifully  printed  pages,  and  embodying  the  matter  of  about  fifteen  ordinary 
octavos.  Such  illustrations  as  serve  really  to  elucidate  the  subject  have  been  introduced, 
bat  the  editor  bos  done  this  with  a  sparing  hand,  feeling  that  space  might  be  occupied 
more  usefully  and  worthily  than  by  superfiuous  pictures. 

As  a  work  of  which  every  American  physician  may  reasouably  feel  proud,  and  in 
which  every  practitioner  will  find  a  safe  and  trustworthy  counsellor  in  the  daily  respond- 
biiitiee  of  practice,  the  publishers  confidently  anticipate  a  circulation  unexampled  in  the 
annals  of  medical  literature. 

The  material  for  the  work  is  substantially  complete  in  the  hands  of  the  editor,  and  u 
the  printing  is  progressing  as  rapidly  as  is  consistent  with  the  accuracy  indispensable  in  a 
work  of  this  nature,  the  profeasion  may  look  for  the  first  volume  in  the  fall,  and  for  tha 
subeequent  volumes  at  reasonable  intervals  thereafter. 

A  detailed  prospectus  of  the  work  will  be  mailed  to  any  nddrees  on  application  to  the 
publishers. 

MEYNOLDS,  J.  RUSSELL,  M.  J)., 

Projaior  iif  the  Priunplet  and  Praetiie  af  Mtdieitu  in  Univa-iits  OAligt,  hoada*. 

A.  System  of  Hedicine.    With  notes  and  additions  by  Henbt  Hartshornb, 

A.  M.,  M.  D,,  late  Profewtor  of  Hygiene  in  the  University  of  Pennsylvania.     In  three  large 
*  '       '  '     o  volumes,  containing  3056  double-columned  pa^es,  with  317  illostra- 

'    '   "        [sheep,S6.00;  veryhandeoraehalJ  Rubs.'        *     " 
tl8 ;  half  RuasU,  J19.50.    Sold  only 
hma  Id  I  raay  be  auppUed,  the  pubUahem 
consulted    the  prflHraik>n  of  the  book  for 
wiisu  inriiiHxeu  uy  uuuuis  aa  vi  uvHiiiiiEiit,  Or  bv    Henry  Hartebome,  ntiDse  Judlcti 

havtag  nniumi!  or  appmntly  ineipbeable  aymp-    Died  Ihronghoul  the 

tciiiu  preaer—-'  ' "—  ''■' '■•-'  "— ■ '  '  -■ '•'•-  " ' 

HedlclDe."    

tlon  which  the  hnsv  praaiitloner  n^queiitlv  Si 
himself  hi  need  uf.    In  order  Ibntanr  deflcloac 


UI6      Henbt  C.  Lea's  Son  &  Co.'e  PnBLiCATiONB — Clinical  He<I.(  etc.  | 
"  FOTHEBGLLL,  J.  M.,  M.  D,,  Edin.,  M.  B.  C.  JP.,  ZontL^ 

Physician  lu  tht  aiy  of  Londm  Uoapltal  far  Ditcanet  of  tht  Chat. 

The  Practitioner's  Handbook  of  Treatment ;  Or,  The  Principle  of  Thera- 
peutics. Second  edition,  revised  and  enlareed.  la  one  Tery  hanilBome  odavo  volume  of  651 
pages.    Cloth,  $4.00 ;  verj  handsome  half  Russia,  r&ised  bunds,  {5.60. 

The  Junior  mamberB  of  the  profession  will  And  of  phyalology.  Eierv  chapter,  tnrj  line,  hu  Itaa 
It  ft  work  (hut  should  ngt  only  be  reiiil  but  care-  Imprei!  of  ■  muter-tiBnd ;  and  while  the  work  la 
(Oily  studied.  It  will  aseist  tliem  in  the  proper  than>URhL]->cieQtlflcilieter]>parllcular.ltpre»ata 
■electlDn  and  coniblnatloii  of  therapeutical  ageata  to  the  thouEhtful  reader  all  the  charms  and  beao- 
beH  adaplwl  to  eaah  oaae  and  condition,  and  ties  of  a  well-written  narel.  No  phraioian  cu 
enable  them  to  prescrtbelateUigeutlvaiidBaoeeH-  well  aObrd  to  be  wlchaat  this  raluble  work,  far  Ita 
tO^.—SLLaatOMritrBfMed&ncIlav.ieso.  origiualltr  makes  itflllanlohe  In  nedicJ  liter*- 

The  aathor  merits  the  thanlcs  of  every  wall-eda-    ture  hliharki  rscant.— jraihsiUi  Journ.  o/JTsI  ami 
eitad  phTidclau  IbrhlselTbitetDwaidratlonaliiloE    Suto.,  Oct.  IHM. 
«.. . — _...  _.  J'seasea  upon  the  soIentlHo  baxia 


FLINT,  AUSTIN,  M.  J>, 

Clinical  Medicine.  A  S^Blemaiic  Treatise  on  the  DUgnoaia  and  Treatment  otf 
Diseases.  Designed  for  Students  and  Practitioners  of  Medicine.  In  one  birge  and  luuid- 
Bom*  octaTO  volume  of  799  pages.    Cloth,  (4.50;  leutber,  (5.50 ;  half  Bnssia,  96.00. 

LlaWDU;  with  orevlty  and  clearness,  the  dUftrent 
mbjeets  and  their  aeveraJ  parts  recelTlnji  tha 
LtteDtion  iTbloh,  relallyely  to  their  Impot&DO*. 
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By  the  Same  Author. 
Esaays  on  ConservatiTe  Medicine  and  Kindred  Topics.  In  one  vei7  IhikI- 
e  royul  12mo.  volume  of  210  puges.     Cloth,  ¥1.36.  .^H 


eiieniiire  reaeareb.— TAi  Z 


hBOAVBBNI,  W.  a.,  M.  D.,  J".  B.  C.  P., 

Fhyiici^n  to  ond  XtfCurcr  im  Mudiane  at  St^  ilary'i  HaspitaL 
The  Pulse.     In  one  i2nio.  volume.    See  Sirrjts  of  (linifal  Manualt,  puge  5. 


SCHREIBER,  DR.  JOSEPH. 

A  Manual  of  Treatment  by  Maseaee  and  Methodical  Muscle 

'bb.      Tra hhU ted  Ijy  Walter  MESoELaoN,  M.D.,  of  New  York.     In  oni 
o  volume  of  itbout  300  pages,  with  ubout  125  Unc  engrnvings.     Prqtarin^. 

BmAYSON,  JAMBS,  3[.  D.rBoiior, 

Pli]/itaan  and  I.tdurtr  an  Clirtital  StaUdm  in  tlu  Glaigow  Walern  In/tmury,  sic. 

CUnioal  Diagnosis.    A  Handbook  for  Studeots  and  Pntutidonete  of  Medicine. 
I^ith  Cliapters  hv  Prof.  Gairdner  on  the  Phyuognomy  of  Disease;   Prof.  Stephens  on 
il  the  I^emalo  Orgims;   Dr.  Bobenson  on  Insanity;   Dr.  Gemmell  on  Pbyeioil 
;  Dr.  TuiiWon  LeryngOBCOpy  and  Poet-Mortem  Examinations,  and  hj  the  Editor 
'  ~  .     ''  .iiJlr  HislocT  and  iSjmptomsof  Disorder  in  the  Vaiiona  Systenia.      In 
\  nlume  of  540  pagca,  with  85  tUiistrstions.    Cloth,  12.63. 
/  useful  books.    It  U  air  I  balkier  voitunea:  and  because  of  lis  < 
■■  )>'-  Ausl  pue.  and  ought    and  coniElete  iudoi  it  Is  ODUsaally  c< 
<  t'>ryafllraiafi1e,  because  it    quick  relercnoe  in  anv  emergency  tb 
..^oi  funn  all  Ihal  is  valuable    npun  the  busy  pracUtiouer,— ff.  G 
liliuiiiostlce   ■-  ■--  ' '    '-     '--  ■■ 
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TCK,  SAMUEL,  M.  !>., 

tu!  P\finrvm  la  tht  Lnndim  BatpilaL 

'  The  Student's  Ouide  to  Medical  Diagnosis. 

'■ "     i  English  edition.     In  one  very  iinndsome  royal  1 2m 
mtions  <iTi  wood.     Cloth,  t2.'l\ 

SJt.  THOMAS  HAWSES,  M.  D. 

AManuEil  of  Clinical  Medicine  and  Physical  Diagnosis.  Third  Aniericao 

»n  thp  "■..iiinl  Ijiiiilon  oiliiion.     Bevised  ami  enlaret-d  by  Tilbitrv  Foj,  M.  D^  Phy- 
].>i'jiartjneiit  in  University  College  itrapilii],  Iy>ndon,  etc    In  one  smMl 

'''■'H,  pages,  with  illnsttntions.    Clolh,  $1.5(1. 


[iBEuClotti.CLM,  Paan  H.  DtTH  H.  b 

AJJVSS?^  OH  VjLBIODB  1   royal  UniknllU^ik^ 


MICHARDSON,  B.  IT.,  M.A.,  M.D.,  LL.  ».,  F.B.S.,  F.S.A 

FrJiav  of  Ihc  Unijnl  Cblltgl  of  Plyndnmu,  Ijrndon. 

PreventiTe  Medicine.    In  one  wtavo  volume  of  729  pages.    Clotli,  H;  lenthi 
fS  i  vei7  handsoiiie  halT  Russia,  raiaed  l>ands,  $5,50,    Juii  ready, 

Bxurpt  from  Contenti.  _ 

L — Disease  as  a  Unity,  with  a  TorieCy  of  PkeDomena.  Tlie  freventire  SdieiiK  \ 
Medicine.  General  Dixeiuieit  of  Munkiod.  1.  Cflostitutiontl  Uiscatea.  2.  \kk»X  Dise 
S.  Diseases  from  Natural  Aocidenia, — Lightniox — Sunatruke — Slnrvation — Poisn  . 
Veoom* — Poisonous  Food — Pregnancv.  II.  Acquired  Diseases  of  Artllicial  Origl 
FhoDomena  and  Couree.  1.  Aaiuired  Diseases  frooi  Inorganic  and  Organic  Puison% 
Tea — Coffee — -Alcohol — Tohaciw— Soot — Oases.  2.  Acquired  Diseases  from  Phydc 
AgeQcieB,  Mechanical  and  General, — Dusts — Pressure  on  Lungs^^CoiicuasionB  and  8ooo 
— -Musoular  Overwork  and  Strain — Adjuired  DefDrmitiea — Physical  Injuries — t^ufg' 
Operations.  3.  Acituired  Diseases  from  Mental  Agencien, — Moral,  Emotional  : 
Habitual.  Diseases  front  Mental  Shock,  from  Moral  Contagiou, — Taronlbm — Suicjl 
~  -   -  -         "     -        .         "  ■■taof  Life— Ins 


— Bseleria — Bacilli — spirilla — Irichintr;   Zrinotic  Causes;   InuuBlrial   and   Accidenfll 
Giuscs;   Sodal  and  Psvchical  Causes;   Senile  Degenerative  Causes.     2.  PreventionaJ 
Disease.     FreTention  of  Hereditary  or  Constitutional  Diseases, — Personal  Rules  for  P" 
luuiiy.  Infancy,  Adolescence,  Maturity ;  Prevention  of  Atmospheric  and  Climatic  Dise," 
of  Parasitic  Diseuse^ — Personal  Bulea :  of  Zymotic  I>iseaB«8,~-Cnntagion — Drains^ 
Isolation  of  Sick — Water  nod   Milk   Supply — Hospitals — ll^istraCion — Vnccinatioo 
Other  Inoculations — Legislation ;  Prevention  of  Industrial  Dise>iM»— Lvad  Poisooiiii 
Dusts — Gases,  etc ;  Prevention  of  Social  and  Psychical  Diseases, — Warming  and  Venul 
lion— L  i  ght— Water—th  e  Bed-room— Bread— Ahaltoirs— Schools— Sepul  ture— Dninke 
neaj;  Prevention  of  Senile  DiseuRe. 

r.  RLchHTdtioD  has  iDocfledtd  la  producing  ■  '  Ihaqdentloiiof  diaeoseLAcampreheu^h 
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BAHTilOLO  W,  MOBERTS,  A.  M.,  M.  D.,  LL.  1)., 

I'rtif.  tf  MtiiBria  Uaiiea  mid  OeiHral  T^fnpeutirt  In  Uu  Jrfferum  Hal.  0>ll.  iff  pyJiL,  tie. 

Medical  Blectxioity.    .A.  Prnciiiwl  Treatise  on  the  Appliiwiions  of  Kleciricity 
to  ilcilicirio  :inil  Siirsiiry,     Scciinil  nlition.     In  one  very  handsome  octavo  Toliune  of  293 
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JLABERSHON,  S.  O.,  M.  !>., 

Sanlin-  Phuilfitn  to  au,l  latt  Uct  .m  tyii,r\pUt  atii  Pntlif  iiftled.  at  Oum'j  BmiAlal.  LohOoti. 

On  the  Diseasea  of  the  Abdomen;    Comprising  those  of  the  ^lomaoh,  and 

'WpartaoftheAtiuLentaryConal,  CKsa|ihBguH.Cin:um,InlesliiieBand  Peritoneum.  Becond 
'-"-n   from  third  enlarsed  and  revised  English  editiot).    In  one  hondsome  wtavo 
if  554  pages,  with  iUustralionsL     CloUi.  (3,50. 

BARLOWS  MAKUAL  OF  THE  i'KA'.TICE  OF 
MEDICINE.  Willi  wldltlaiu  by  D.  F.  CuXM*, 
H,D.    1  voL  8vo„  pp.  soa,    ClDlh,*f,M. 

TODDfl  CLINICAL  LBCTURKS  ON  CERTAIN 
ACUTE  ['ISEASeS,    In  oD*  oolATO  roluma  of 
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COBEN,  J.  SOLJS,  M.  J)., 

LecluTtr  on  Jjaryngmrnpii  and  DisrasM  of  fft(  Throat  aid  Chat  m  f*c  Jtfftnm  UoHcal  OtUtft. 

Diseases  of  the  Throat  and  Nasal  Passages.    A  Guide  to  ihe  Ciagnods  and 

Trentment  of  AffeclionB  of  tlie  Pliarpui,  (Esophagus,  Trachea,  Laryni  and  Nores.  TbJiA 
edition,  thoroiiclily  revised  and  rewritten,  with  a  large  number  of  new  illustraliot  """ 
one  very  handsome  octavo  volume.     Preparing. 


SBLLBIt,  CARL,  M.  JD., 

Lestvrcr  on  Laryngoaropji  in  the  Unioarti^  of  Peimaytmma^ 

A  Handbook  of  Diagnosis  and  Treatment  of  Dlaeosesof  thel^. ^ 

Kose  and  Waso-Pharynx.    Second  edition.    In  one  handsoioe  royal  12mo.  volumt 
of  294  pages,  with  77  illustnitioM.     Cloth,  $1.75. 

Dr.  Seller'''  bnok  la  b  cleur,  concise,  pnctlcal  I  Dr.  fieilrr-H  tnniiK  RDOUlna  >I1  (h«  uvsntlali  of 
sipiMy:lon  otthe  nubjpct,  judl;  u  only  smwler  of  the  knuwledge  of  the  imporUut  localltiM  eoa- 
It  uoald  hare  written.  It  Is  better  suiled  to  the  pre ued  into  a  «lii>ll  npAOe  aDd  put  together  It 
want*  ofadTUicedsludeiiM  and  young  pbTHldaiiii  one  of  the  ablest  of  Amerlnn  fpeolallnla.  To  do- 
Ihan  any  other  at  preBent  la  the  hands  of  the  pro-  dente  and  otheis  thi>  book  can  U-  racoimn ended 
fculon.— JimHmh  PrarlUionrr,  Aug,  1883.  w  one  of  the  belt  and  moat  generallr  nmiflll^- 

I  Canada  JHeiieal  and  Surgltal  JmiTnal,  jQly.  U83. 

BBOWST:,  LEirWOX.  F.  B.  C.  S.,  EdUu, 

Senior  Surgam  (u  Ihe  Cmtral  London  Throat  and  Ear  Baspital,  etc 
The  Throat  and  its  Diseases.     Second  American  from  the  second  English  edi- 
tion, thoroughly  revised.     WitL  100  typlciJ  iUiiiitrationH  in  colon  and  &0  nuod  engravi 
designed  ana  aiecuted  by  the  Author.     In  one  very  handsome  imperial  octavo  y  '    " 
about  350  pages.    PrepaHni). 


^ 


FLINT,  AUSTIN,  M.  J)., 

Profaior  of  the  Prineiplet  and  Praelite  of  Meditine  in  BeUwue  Boipilal  Mtdteal  CoUtfe,  IT.  ^ 

A  Manual  of  Auscultation  and  Ferousaion;   Of  the  Phyiical  Dia^nodiar 

IKseaseeoftbe  Lungs  and  Heart,  and  of  Thoracic  Ancurifiio.   Third  edition.   In  one  hand- 
some royal  12mo.  volume  of  240  pages.     Cloth,  $1.63.     Jiat  ready. 

ThI*  practical  and  justly  ponular  manual  is  con-  I  the  author's  plan  la  to  •Imiitift'  tha  labjuel  u 
Tanleatly  dirlded  into  elglit  chapter",  and  the  niuoh  an  poasiblei  to  Impreaa  tha  Uet  Vol 
Mudent  la  gradually  led  up  tTom  a  general  oon-    close  study  of  the  physical  oonditiaiu  in  beattb 

Istliedi^renUiil  diagnosiaof  difoaaed  condltiouE  I  diaEDOsis    and    treauneDl. — The    Jfsdtail    Sim, 
bj  a  knowledge  of  these  phyalcal  aigna.   Aa  in  hla  I  Apill  sa,  1883. 
ooursea  of  practical  Inatructlon,  eo  In  this  book  | 

BY  THE  SAME  AUTHOR. 

Physical  Exploration  of  the  Lungs  by  Means  of  Auacultatioa  and 
Fercussiou.  Three  lectures  delivered  before  the  Philadelphia  County  Medical  Soeiely, 
1882-33,     In  one  bumlBome  smaU  12mo.  volume  of  83  pages.    Cloth,  Jl.OO. 

A  Practical  Treatise  on  the  Physical  Exiiloratioii  of  the  Cheat  and 
the  Diagnosis  of  Diseases  Affectine  the  Respiratory  Organs.    Second  and 

revised  edition.     In  one  hand«iine  octavo  volume  of  591  puges.     Cloth,  $4.50. 

Phthisis  t  Its  Morbid  Anatomy,  Etiology,  Symptomatic  Events  and 
Complications,  Fatality  and  Prognosis,  Treatment  and  Physical  Diag- 
nosis; In  a  series  of  Clinical  Studies.  In  one  hond^cme  octavo  volume  of  442  pagea 
Cloth,  J3.50.  

A  Practical  Treatise  on  the  Diagnosis.  Pathology  and  Treatment  of 
Diseases  of  the  Heart.  Second  revised  and  enlarged  editlan.  In  ooe  octavo  volume 
•f  550  pages,  with  a  plate.     Cloth,  S4. 

HALTON,  JOHN  C,  M.  D., 

Profaio'  of  Fhniioloijg  aitd  Uygimt  in  tht  ColUge  of  Phyeiciani  and  Sursrone,  JVeia  Tvrk. 

Doctrines  of  the  Circulation  of  the  Blood.      In  one  handsome  lima. 

Tolume  of  150  pages.    In  prese. 

GROSS,  S.  D.,  M.  IK^LL.D.,  ~D.  C.  L^Oion. .  IL,J),  CVm*«*. 

A  Practical  Treatise  on  Foreign  Bodies  in  the  Air-passages.  In  one 
octavo  volume  of  462  pages,  with  59  illugtrutions.    Cloth,  $2.76, 

FULLER  ON  DISEASES  OF  THE  HINGS  AN'D  ,  SMITH  ON  CONSUMPTION;  it«  Early  and  R*iiie- 
AIB-FASBA0E8.  Their  Pathology,  Physical  Di- 1     dlahle StagOB.    1  voL  Syo..  pp. i».    Cloth,K.W, 
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ment, with  an  Boooiinl  of  tbe  Hlstoiy  of  Its  Pre- 

■dltlon.  iDonelZniQ,  Toh.pp,  IM.  Cloth.  $1.2A. 
WALSBE  OK  THE  DISEASES  OF  THE  HEART 
AND  GREAT  VESSELS.  Third  Atnartcan  edi- 
tion.   In  1  Tol.  Bto.,  418  pp.    Clolli,|a.Q(). 


LA  ROCH  B  ON  PNEl'MONIA-  1  w.!,  Bro.  of  « 
pages.    Cloth.  13,00. 

WILLIAMS  ON  PULMONARY  COSSUJCPTIOS: 
llK  Nature.  Varieties  and  TreaUneDi.  WlDiaB 
aoalyalaof  one  thoosand  caass  to  eiempllfyili 
duration.  In  DneSro.  Tot.  ofacci  pp.  C1o(li.^JD, 
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HAMILTON,  AZLJLN  McLAJfTE,  M.  D., 

Atlmtllag  Ph^iician  at  llu  SoipUalfor  EpitspUa  and  FanUyHa,  Bhwkmiiri  Iiland,  A'. 
Nervous  Diseases  ^  Their  Deacriptiun  and  Treatment.    Second  editiuii,tborougli]j 
tevised  and  rewritten.    In  one  octavo  volumeof  598  pr —      ""'"  "''  -" -^— -■—     '"--'    »' 
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TITKE,  DAJVIEL  SACK,  M.  D., 

Joint  Author  lyf  Tht  Jfinunl  of  Ptgchohgical  MrdiciKC,  tfe. 

XUustratioits  of  the  Infiuenoe  of  the  Mind  upon  the  Bod;  in  Health 
and  Disease.  Dcuizned  U>  elucidate  the  AcTtion  uf  the  Iniajpnution,  New  edition. 
TfaoroiighlT  revised  and  rewritten.  In  one  hnnilsome  octavo  volume  of  467  pages,  with 
two  colore!  plates.    Cloth,  $3.00.     Ju*t  ready. 
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mattcra  there  dlgoUBied.    They  tail,  hovreier.  [o  i  JoHrnal.  Mar  li  IW*- 
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CLOJI8TON,  THOMAS  S.,  M.  J>.,  F.  R.  C.  P.,  X.  R.  C.  8., 

Ltctnrcr  m  Mmlal  Diieaia  in  (As  Univertily  at  Edlndur^H. 

Clinical  Lectures  on  Mental  Diseases.  With  an  Appendix,  containing  an 
Abalnict  uf  the  Stntnteaof  tiie  United  States  and  of  the  Several  Stsles  and  Territories  re- 
latiiie  lo  tLe  Custody  of  the  Insane.  Hy  Chables  F.  Folsoh,  M.  D.,  Assistant  Profeewr 
of  Mental  Dieeoses,  Medical  Dejiartnient  of  Harvard  UniveiaiCj.  In  one  handaonie 
octavo  volume  of  541  pues,  illustrated  with  eight  lithographic  plates,  four  of  which 
arc  beautifully  colored.     Cloth,  $4.    J»»t  reorfy. 

Dr.  CloD.iton's  book  Ir  oae  long  record  of  uon-  disposal  in  thla  Interesting  votanie.  Kepsatedlj 
lite  and  laborious  obeerratlon.  From  aorer  to  at  rreqnent  Inlervala  (he  reaalCa  ot  J>r.  Ofeiulon  ■ 
oom  (he  book  f>  poelMvely  burMIn^  with  fMta.  ripe  eiperienoe  are  pat  befiire  us  In  the  lorin 
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FOLSOM,  CHARLES  F„  M.  D., 

Atiiltanl  Profeisor  of  Jfaital  Ditiatu  in  Xfrdlral  Dcpartntmt  a/  HoTTBTd  Univatity. 

An  Abstract  of  the  Statutes  of  the  United  States,  lui'l  of  the  Several 
States  and  Territories  reliiting  to  the  Ciislody  of  the  Insnne.  In  one  Svo.  volume  of  103 
pages.     Cloth,  fl.oO.     Jiml  rauiy. 


SAVAGE,  GEORGE  H.,  M.  J>., 

Ltelurrr  on  Msnlnf  Disiasa,  at  Gui/i  21o4pllal,  tojidmi. 

Insanity,  including  Hysteria.    In  one  12 

of  CUninU  Manuah,  page  5. 

FLATFAJR,  W.  S.,  M.  !>.,  F.  R.  C.  F., 

The  Systematic  Treatment  of  Herve  Froetration  and  Hysteria.    In 
-one  handaome  smull  l2nio,  volume  of  97  pages.     Cloth,  (1.00.    ■fiul  ready. 
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MITCHELL,  S.  WEIR,  M.  2>., 

Pl^ucian  In  tirthopadic  Bntpital  oiW  the  la/lmaryfor  Dimaa  af  tht  Sertmt  Syttm,  PlitlA,  t 

liectures  on  Diseases  of  the  Nervous  System;  Especially  in  Women. 
Second  edition.     In  one  ver>-  handsome  12mo,  volume  of  about  260  pages.     Prrparing. 
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GROSS,  S.  2>.,  M.  n.,  LL.  2>.,  D.  C.  L.  Oxotu,  Z.L.  JDi 

Ca^itab., 

JSmtrifuj  ProfenDT  of  SurguTT/ in  tin  JefferKn  M/dital  CoOigtvfPhiladiifM^ 
A  Bj^stem  of  Surgery:    Patbalogicai,   Biagnoetic,  Tlierspeuttc  and   OpeiatiTe. 
Sixth  eiiition,  thorouglilj  revised  and  greatly  improved.    In  two  Wge  and  bcauUftillj- 
printed  imperial  octKiro  voIuDiea  contAining  2382  pages,  illiiBlnited  by  1023  engrsviiigB. 
Slrongly  bound  in  leather,  raised  bands,  (15;  hnlf  Russia,  raieed  bonds,  $16. 

His  ai/'ttn  of  Surgay,  whloh,  tlaee  ita  first  edi-  |  and,  sboTe  all,  bB»  coDiciiiutloDBl^  iidtaBr*d  to 
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pncUIionera.— I«ndan  Lancet.  May  ID.  IBM.  |  by  able  speoiailstK  iii  yarl'iui  ('r(in,?ii--j'.  Ail  dBput- 

Th(  work  a*  a  whole  needs  no  oonimendatlon.  mentsofljie  nstand  cver-inci«iu>iu«  lileralunif 
Hanryeanago  it  eamedtor  itself  the  aoTisble  rep-  the  science  hare  been  dram)  upon  Ibr  Ibelr  moK 
utMlDQ  of  the  leading  American  work  on  surniv,  recent  expressions.  The  late  adTancra  made  In 
and  it  is  still  capable  of  maintaining  that  standard.  »ursl«al  practice  hare  been  careTally  Dated,  Mwh 
The  reaeoD  for  Uila  need  only  be  mentioned  lo  be  as  the  recent  derelopmentd  of  Llstertim  and  tiw 
appreciated.  The  author  has  always  lieSQ  calm  ImprofemeDl*  in  gyDKcoloKiol  openllODa.  In 
and  judicious  In  his  stalemenls,  hasbssed  his  eon-  erery  respect  the  work  resect*  lasting  credit  on 
elusions  on  much  study  and  person^  experience.  AmerlCBD  medlealUteratura.— ifudiadnadAavfal 
has  been  able  to  grwp  his  subject  In  its  entirety,    Anwrftr.  Not.  11,  U82. 
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A8HSURST,  JOMN,  Jr.,  M.  D., 

The  PrincipleB  and  Practice  of  Surgery, 
Tised.     In  one  large  and  bandeome  octaru  volume  of  1 
Cloth,  $6  ;  leather,  (7 ;  very  liandsome  half  Buseia,  mised  bant 
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OIBJV^T,  V.  P.,  M.  JD. 

Surgmn  to  Ihi  Qrthopizdic  Hospital,  Hon  York,  lU. 
Ortboptedic  Surgery.    For  Ihe  use  of  Practitionera  and  Studetila. 
gome  octavo  volurae,  profiiselj  illiigtraled.     Preparing. 

SOBEETS,  JOBN  B.,  a7m.,  M.  D., 

iMIurtr  oil  Anatomy  ami  nn  Opero(ir»  a<r[(erv  a(  tht  P/iitadilphia  School  of  Aitalei 


The  Principles  and  Fraotioe  of  Surgery.    For  the  nse  of  Siudwits  and 

Practitioners  of  MedirineandSuntery.    In  one  veryliands'ime  oclaro  volume  of  abrmtGOO 
pages,  with  many  illustrations.    Prgxirini;. 

BELLAMY,  EDWARIf^F.  mTcTs. 

Operative  Surgery.   In  atHve  preparation.   See  StmlaUi  Srriet  of  ifanwjt,  ptgt  i. 

8TL3tSON,  LEWIS  A.,  B.  A.,  M.  I>., 

Frof  of  FallHtl.  AnaL  at  tlit  Utir.  of  Uit  fSty  of  Nbu>  rark.  BHrgton  a«d  CariUarla  BMtrH  U-t- 

A  Manual  of  Operative  Surgery.    In  one  very  handsome  r<^  12mo.  vohune 
of  477  page^  with  332  ifluBtrations.    Cloth,  f2.50. 

This  volume  Isdeiotedentlrelylosperatiiesur- I  every  student  should   possess   one.    This  work 
gery,  and^Is  inlended  to  tamllIarl>s^be_!tndeot  |  does  away  with  liie  necassl^  of  ^pondering  oi~ 


of  perfo 
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Henht  C.  Lka's  Son  &  Co.'b  Poblications — Siirgeir. 
BRTAJfT,  THOMAS,  F.  B.  C.  8., 

Svryeoa  and  Liclurer  wi  Surijirry  to  Out/'i  Hoapital,  trndon. 
The  Fraotioe  of  Surgery.     Fourth  Ameriran  from  the  fourth  and  revised  Eng- 
lish edition.     In  oae  lai^e  Bud  ver;  baodsome  imperial  octavo  volume  of  over  1000  pi 
with  oboat  750  illustrations.     In  prat. 

A  Dotice  of  the  previous  edition  is  appended. 

Bspecl»lLy  idapted  to  tlie  wuita  of    teal  the  sCudeat  wilh  prKtIol]  tnft 


BtodflDtfl  uid  nnu. 
In  nittolent  detail 
gleal  prlDCJplefl  u 


a  tult 


It  niTordii  li 


S'^JTrio" 


UDdenUnct'lriEotiiir^    views  of  dlffervDC  wri 
LlmentoT  laratcal  din-    they  mlRht  h 
" "  •>■"  ■"- work  baa  bei 


•  sdltlgu 


ii»d  u  belongUig  to  Hurgscy,  ■ 


BD  snrefnlty  raTlaei  inDcta  of  It  hw 
m,  and  ImBorbintwlditlaDehsTe  been 
wl  ITory  cbapter.—CiHomuCl  UMtni 


eftsee  and  O[ierutioi 
beuutifiil  itiL-tavo  vi 
wood,     h  presL 
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, .     InitratflS  hy 

IS.    The  aetvad  tenalies  how 

■d1n»^  liiJarlsA — oouta- 

The  Ihtid  (reate  of  Gnt  aid  in  oaHi  of  fractora 
aDdordlii]ocitioQs,ln9pnliuand  iu  btiraa,  Next, 
the  methods  of  aObrding  Brat  treatment  In  oaaM 
of  (roBi-bl(e.  of  druwnlag.  of  BUlTncatlocijOl  loeaof 

and  the  flfth  lecture  isauhea  how  Injured  poraona 
m^  be  DioBt  natbly  and  easily  transported  to  their 
homes.  lo  a  medfeal  man.  or  to  ■  hoapttal.  The 
lllualratiang  In  the  book  are  clear  and  good.— iVhA- 
cuf  Tmta  and  Qautli,  Nor,  4,  IS8^ 

BBTAJfT,  THOMAS,  F.  B.  C.  8., 

f9itrgcon  to  and  Ledurar  an  Surgery  at  Oity't  Hagpitat,  London^ 
Diseases  of  the  Breast.   In  one  12mo.  volume.   Preparing.   See  Series  of  Cliniad 
Manuali,  page  5. 

TBBKES,  fBMDEBICK,  F.  R.  C.  S., 

AasuUtnt  Surgeon  to  and  Ltetvrfr  on  Surgery  at  tha  London  Botptiai^ 
Intestinal  Obstruction.   In  one  12mo.  volume.   Preparing.  See  SerUs  o/  Clinieal 
MatmaU,  page  b. 

BVTLJlf,  HENBT  T.,  F.  B.  C,  S., 

Auttfant  Sttrgaun  to  St.  BartJtulomeui'e  Soapital,  London. 

Diseasea    of  the   Tongue.      In  one  12mo.  volume.     See  Seri«  of  Clinical' 
Manuaii,  page  5. 

F.  B.  C.  S., 

In  one  pocket-size  12mo.  vol- 


GOULD,  A.  PEAMCE,  M.  8.,  M.  B., 


DBUJTT,  ROBERT,  M.  R.  C.  S.,  etc. 

The  Principles  and  P 

London  edition.     In  one  8vo.  voti 

OPEBA- 


BAIWIBNT  ON  BANDAGING  innO 
TIONS  OF  MINOR  SUKGEKY.     _  _      __ 
vlHi  a  Chapter  oa  military  surgery.   One 


!dlll01 


'olumeDf  3Sa  pages,  with  in  outa.    Cloth,  ft-TS. 

PRINCIPLES  OF  SURGERY.   Fourth 

from  the  (hltd  Edinburgh  edition.    In 

one  STO,  Tol.  of  688  pages,  with  S40  lllastratioas. 

aoth,  (3.7S. 

MILLER'S  PRACTICE  OP  St'BGBRY.     Fourth 

and  revised  AineTi<aa  from  the  last  Edlnborab 

edition,    in  one  large  Std.  vdL  of  bSS  pages,  with 


PIRKIErs  PRINCIPLES  AND  PRACTICE  OF 
SURGERY.  Edited  by  Jobb  Naiu,  M.  D.  In 
one  Svo.  vol.  of  TM  pp.  with  Sid  lllua.    Oolh.  IS.IG 

COOPER'S  LECTURES  ON  THE  PRINCIPLES 
AND  PRACTICE  OF  BUEGERY.  InoneSvo.vol. 
of  1«7  pages.    Cloth,  COS. 

flKEyS  OPERATIVE  SUROEBT.  In  one  vfrt.  8vo 
or«npages,  w)tli81  woodcuta.    Cloth,  p.iS, 

GIBSON'S  INBTITUTBS    AND    1 
SURGERY.  Elghtb  edition.    ' 


i 


SOLME8,  TIMOTHY,  M.  A., 

Sargrtii  at  SL  Otorggi  Batpital.  L-mJrni. 

A  System  of  Surgery ;  Theoretical  and  Fractic&l.    IN  TREATIS 

VARIOUS  AUTHOKS.     Amkeican  edition,  thobofohly  rbvmed  and  be- 

br  JoHH  H.  Packard,  M.  D,,  Surgeou  to  the  Epiacopal  and  St.  Joseph's  Ho^nt^ 
Philadelphia,  assisted  bj  a  corpe  of  thirty-three  of  the  moat  eminent  Amerioui  sur^eoiu. 
In  three  lai^  and  very  hanasome  imperial  octavo  volumes  containing  3137  drmble- 
oalumned  pagea,  with  979  illuBtratiooB  on  wood  and  13  lilhograuhic  platen,  beautifhllj 
eolored.  Price  peryDlunia,dDth,  {G.OO;  leather,  $7.00 ;  half  Russia,  IT.50.  Perset.clMh, 
$18.00 ;  leather,  821-00 ;  half  Buswa,  822.50.     Sold  oidy  hy  guhacriptiim. 

VoLuuB  I.  contains  General  Patholoov,  Mobbid  PRocisaia,  iKJinti^  m  Grai- 

XOAI^  COMPLICATIONH  OF  IdJUBIK  AND  INJURIES  OP  EbOIONS. 

VOLCMB  II.  contains  I>isEAB»B  OP  Oroams  OP  SPECIAL  Sesse,  CiRCtTUixiaY  Sys- 
TEX,  IhQESiTVE  Tract  and  GENiTO-URnjAitr  Ohoanb. 

VoicMB  III.  contains  Diseaseb  of  the  Rbspikatoby  Oroans,  BoNee,  Johttb  asd 

MCSCT^  DtBKASEa  OT  THE  NkBVOITS  SYBTEM,  QCMSHOT  WotfSDa,  OpEttATlTK  AKB 
UlNOR  SCBOBRY,  AND  MlBCELLANEODS  StTDJECTS  (iDClnding  Kn  es9ti;  On  nOSFITALS). 

Thii  great  work,  issued  some  years  Btnce  in  England,  has  won  such  universal  oonfi- 
dence  wherever  the  language  ia  spoken  that  its  republication  here,  in  a  form  more 
thoroughly  adapted  to  the  wonts  of  the  American  praolltioner,  baa  seemed  lo  be  a  doty 
owing  to  the  profession.  To  uccomplish  this,  each  article  has  been  placed  in  the  hands  of 
a  gentleman  specially  competent  lo  treat  its  subject,  and  no  Iat>or  has  been  spared  to  bring 
e^ji  one  up  to  the  foremci«t  level  of  the  times,  and  lo  adapt  it  thoroiighljr  to  the  practice 
of  the  country.  In  certain  easea  this  has  rendered  necessary  the  substitution  of  an  entirely 
□en  espny  for  the  original,  as  in  tlie  case  of  the  articles  on  Skin  Diseases,  on  Diseases  of 
the  Absorbent  System,  and  on  Anasthetics,  in  the  use  of  which  American  pniclice  diSen 
from  that  of  Ensland.  The  same  careful  and  uonscientious  revision  has  been  pursued 
throughout,  leading  to  an  increase  of  nearly  one-fourth  in  matter,  while  the  Berie«  fS 
illustrations  has  been  nearly  trebled,  and  the  whole  is  presented  as  a  complete  expoomt 
of  British  and  American  burgery,  adapted  to  the  daily  needs  of  the  working  practitionet. 

In  order  to  bring  it  within  the  reach  of  every  member  of  the  ^feaslon,  the  five  tsA- 
umes  of  the  origins  have  been  compressed  into  three  by  employing  a  dcmbleHMlumiwd 
myal  odavo  page,  and  in  this  improved  form  It  is  offered  at  less  than  one-half  the  prioeof  llie 
original.  It  is  printed  and  bound  to  match  in  every  detail  with  Reynolds^  System  of  Uedi- 
cine.  The  work  will  be  sold  by  subscription  only,  and  in  due  time  every  member  Of  tbt 
profession  will  be  caUed  upon  and  ufiered  an  opportunity  to  subscribe. 


□rlirlDal  Engltnh  edillOD  ace 
I  iD^nijIiuid,  and  Dr.  Packard 
has  been  fortunate  la  Kacuriug  ai  bis  American 
Doadjuton  luob  men  u  Bulholow,  Hyde,  HimL 
Ocmner,  euinaon,  Morton,  Bodgeo.  Jewell  and 
(lielr  oollBsguea.  As  ■  whole,  tfia  work  will  be 
acdld  and  subsMntlsL  and  a  ralosble  addilion  lo 
thalibraiyoranynisdlcalman.  Ulfimoiawleldly 
and  more  asefUltluD  the  Eogllah  edlHon,  and  with 
IW  companion  work— "  Beynolds' Sjitem  of  Medi- 
cine"—will  well  repreBeni  the  present  elate  of  our 
wlence.  One  who  la  Itunlllar  wUh  thoae  two  works 
will  berelrly  well  fiiralihed  hud-wlgennd  haud- 
wlae.- lAe  Mtdlail  Itaci,  Jan.  T,  ISBS. 


Great  credit  is  di 


Buy  reach  of  American  su 
been  reneiyed  with  euch  u 
other  etdaot  Uia  Atlwitie  m 

II 00  of  thi 


woc^wlilohhu 


work,  neither  pain"  nor  rDoatyaeem 
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Sura.  Siparla;  Sept  M,  IMl. 
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edge.— CAimiw  DtrA  Jornn.  at 


BAMILTOlf,  FBAJfK  B.,  M.  D.,  ZZ.  D., 

Surgeon  lo  Be^leme  Hotpilnl.  -Vmb  York. 

A  Practical  Treatise  on  Fractures  and  Dislocations.    Seventh  ^ 

thoroughly  revised  and  much  improved.     In  one  verv  hundsomo  octavo  volums  of 
1000  pages,  with  about  %lh  illustRitions.      Cloth,  $3.^;  leather,  |lt.SO;  very  lianS 
half  Bosma,  open  back,  f  7.00.    Shorliy. 

So  exalted  is  the  piwition  universally  ncoordcd  to  this  now  clossio  work  that  during 
its  twenty-five  years'  existence,  no  attempt  has  been  made  to  occupy  the  ground  it  in  ably 
h  tlierefore  continuea  to  hold  ite  phice  as  the  only  complete  w    '    ' 


iBurv  kaoirt- 
.F«tUf4,  . 

banffl^^^^ 


■ rtui 
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p  French  and  German  is  « 
■n  subjected  to  a  thonmeb 
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Dislocations,  and  itK  Irunalntioi 
1  of  its  merit.    This  edition  bus  b 
both  in  text  and  illustrations,  and  will  doubtless 

Btundard  aotliority  on  its  subject, 

MAMSS,  HOWARD,  F.  R.  C.  S., 

S'rOor  Atiisiani  Surgtnn  lo  nmi  Lrrtvrer  on  Analamtj  at  St  Barihokmmi'i  BotpiUH,  Lcn^am. 

Diseases  of  the  Joints.  In  one  12mo.  volume.  Prepariiuj.  See  StrU*  of  CIMkI 

Mitnuiils,  page  ."i.  __ 

PICK,  T.  PICKERING,  F.  R.  C.  S., 

HirSran  lo  and  Lcitn'tr  on  Sirl/rrf/  tit  St.  Oeoigi'l  HotpUaK.  ionrfon. 

fractures  and  DiBlocalioUB.    In  oa«  IZmo.  volume. 
Climoal  Mrmaali,  pnge  5. 


r  C.  Lea'b  Son  A,  Co.'s  Publications — Fra*.,  Disloc.,  Oplttbal.   23 


'StEIfSOJV;  LEWIS  A.,  B.  A.,  M.  D., 

Profaiar  of  P^Aulagiml  Analimu  nt  the  UmteriilyoflJieCUyofN< 
to  SrUcvM  Jlosirilnl,  Suraam  to  the  Prtgbi/irHan  Baspitol,  Ifin  Turk 

L  Practical  Treatiae  on  Fraotures. 

I,  -with  360  betiutiful  illustrettons.    Cloth,  $4.75 ;  leather,  95.75, 
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wrllier  In  the  EngtlaS, 


.    The    bn  weleomed  not  oulr  as  ■Wit-book,  W 
UKtratlCDB  form    lb«  HUrgenn  In  fuJt  practice.— iT.  O,  ifrd, 
-'mlTalbtatl  '  Surgital  Jeurnal,  liaich,  M83. 


r«atarati  of  ^ncluieii.  and  b;  (lie  Bune  inaaDer,a1[tbatliknownabouthlsBiib|e(it.    There 

nwthod  vrlTea  at  the  proper  dlacnosla  mid  rational  la  nothlDg  •cuil]'  oi  eaperactal  about  ft,  ■■  In  mnirt 

■teatmeat    ACharongh  eEpliuiaticiD  ol  the  patho-  other  treatlsea ;  nntheoontrary.eTarfthlnglither- 

hislcal  anatomv  and  a  carerul  deacripHan  of  the  ongb.  The  GhapianoorepairDrfractureBaDd  their 

TnHooe  niethada  of  prooadore  make  the  boob  Ibll  treatment  ehow  him  not  onlv  to  be  a  profound  Bta- 

of  nine  for  ererr  practitioner.    The  diction  ia  dent,  but  IlkewIneapnieiliaiLeureMnandpBlhDlo- 

(Imple, clear  and  vlTld.    Wherever  desirable,  brief  glat.    His  mode  of  treatment  of  the  dimrent&twt- 

Bltnif*!  hloiories  are  Inlroducted.  whloh,  being  iireBtaemlnentlysnundaDdpractica].  Weconilder 

(klllftillr  otimen  to  lIlnHtrate  partlPular  points,  (hi*  work  onoof  the  beat  on  G-uctiirea:  andltwUt 

anaat  the  rioh  eiperien-     '  "  -    --•■-—     ■"■--  ■- ■     -      ■       •       ■ <..... 

an  sapM^al  attraotlon  of  the  book.^ 
ftt  Ciirurgit,  May  IB,  ISKl, 

WELLS,  J.  SOELBEJRG,  F.  R.  C,  8„ 

Profator  of  Ophlhalrmilogii  in  KM^t  Cuttrgi  IToipilal,  Lofuloti,  eU, 

A  Treatiae  on  DtBeases  of  tbe  Eye.  Foorth  American  frora  the  third  London 
edititm,  ThorvDghlv  reTised,with  copious  additione,  by  Charles  H.  Bull,  M.D,  Surgeon 
ftnd  Pathologist  to  the  New  York  Eye  nnd  Eur  Infirmiuy.  In  one  largo  octSiVo  Tolume  of 
822  p*ge&  with  257  itluslrations  on  wood,  nix  colored  plates,  and  sele<:tioiiB  iroin  the  Test- 
typo  o!  Jac^r  and  SneUea     Cluth,  S5.U0 ;  leather,  $3.00 ;  half  BoshIii,  ^.50. 

Thepreaeot  edition  appeare  in  le»  than  three  i  for  the  ohyatclanto  hare  an  wgualntanDo  with  the 
TSMi  nnca  the  nnblioatlon  of  the  leit  Aioericut  pathulogy  and  therapeatlve  olthe  eye.  From  no 
•dltlon,  aod  yet,  rrom  the  niinieraus  recent  Inres-  sonrce  can  he  more  accnrately  derlre  this  needed 
U^ons  that  haTe  been  made  In  thin  branch  of  I  knowledge  than  from  the  volume  before  tta.— 
medlolne,  many  ohangea  and  additions  have  been  i  JVadicoJ  and  Surgital  Stporlar,  Auguat  i,  IBSS. 
S3^..„H!5i"'t  El4',r''i'„'"Tr'".l""'",'°''"!  *"'™"  dealroua  of  oblalnlng  the  most  oom- 
SESSio^  fi^^lif  d  Jh  "'E"'"'"".;,"'  ?r?  P'ele  work  on  diseases  of  the  eye  in  the  English 
Dm  editor  h»  «^mplhihed  hi!  p«t  of  the  work.  ^"0*1;,!™  %i  Bnn'i'ad^".  to*th'^'5olSm»' 
•m*  fllMmtlon.  throughout  are  good.  Thlaedl- ,  ^'^  be  tSke"  as  aiSTf  bQT«^"™lf?nt7ii^ 
sS.i^„^rfi™^.^1h!,  .JS  Th.iT'-Si^'h'SFihi!  °'  *^''  PfoS"""  "»Je  in  ophAalmolDW  during 
treatiw  on  diseases  of  the  aye.  than  which  prnb*-  tho  past  ten  year*.  It  Is  no  eiasKeraUon  to  Mw 
blynonebetterexl«ts.-ir«d.'Ml  j;«a^,Aug.U'sa  I  (h^Se„  (SV™  more  rS^^ 


k  of  the  time's  on  »ie  importi 


a  this;  oenalnly  no  medical  library  ei 
osBary  I  cni  and  Surgliol  Journal,  Hovemtior,  1M3. 


y:ETTLESHLP,  EDWARD,  F.  R.  C.  S., 

Optltltalnlc  Surg,  and  Lrxl.  on  Ophlli.  Surff.  at  St,  TTiDniuj'  Bonpitnt,  London. 

The  Student's  Guide  to  Diseases  of  the  £|ye.  New  edition.  With  a  chap- 
ter on  the  Detection  of  Color-BlindnesB,  by  William  Thombon,  M.  D.,  Ophthalmologist 
to  the  JeffersoD  Medical  CuUege.  In  one  roTol  12mo.  volume  of  416  pages,  with  133 
illustrations.    CloUi,  {2.00. 

This  admlnibla  guide  bids  fair  to  become  (he    been  received  shews  Its  real  ralne  and  the  appre- 

fiiTorlte  teit-bookonophlhalmloBurgery  with  Bin-    -'-" —  •"-  " ' — ' —  -'  '■-  '-■■' — '- '•- 

denta  and  genenil  practitioners.  It  beare  tbrough- 
ontlhe  lmprln(of  lound  Judgment  combined  with 
*Bat  experience.  The  llfnetraUoD*  ara  namarous 
and  well  chosen.  This  book,  within  theaborteom- 
pasaof  about  (DO  pages,  eoDiiiins  a  lucid  exposition 
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MidUat  Buard,  June  S,  1883. 
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SvTgron  to  Ilia  Liverpool  Eye  awi  Ear  Infirmarg  and  (0  the  IMnpenaiyfor  Skin  Diisaeci. 
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thalmoBCOpy,  smuiged  for  the  use  of  Studenla.    In  one  smalt  roynl  12mo.  volame  of  116 
pngee,  with  35  illuBtratiims.    Cloth,  $1.00. 
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AMD  ETEUDS:  Their  Immediate  and  Remote  ume  of  2iT  pages,  with  U  lllust.  Cloth,  K,)fi. 
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^jnest,  bj  Jam^  Patterson  Cjlsselui,  M.  D.,  M.  R.  C.  S.  In  one  handaome  ocuto  vd- 
umB  of  300  pages,  with  2.57  originiil  iUuatralioiis.    aoth,  f5.50. 


*ho™Qi[hly  pi 
rud  this  Imp 


r,  ptiysioloEV,  pntliology.  tl 
gmphy  of  the  eu  bto  bo  i 


•.a.'; 


UMJ10  of  fn(er»t  or  tbjuo  m  •, 
■Ota]  «iirgary  ha*  etot-md  h 
jr<d.  SdaSea,  Jaly,  US3. 
Tbe  work  Itnlf  wa  do  not ' 


• 


sr  appearedf  B70temftCic  wltliouc  being 
OQ  obsatata  BubieatB.  nod  emlneaUr  p 


>bsa!at8  Bubie 
ryflBDM.    Till 


lYpnu:- 
'IpUons 


..    iptVAlAdMlloi 

*nd  profusely  lUusiralo 
fol  loved  Immedii 
sMtioa,       ■  -  ■ 


mrara  BdBilisbU, 

" "J" 


ed  Immediatety  by  the  phTglology  of  Bl* 
a,ind  IhlsagiiUi  hy  the  putboloElcBl  pbjA- 
Ka  unnnment  whioh  MTTBBta  keepapUiii 

-     -  ■■  ■  Bt  by  .r       ■       -       ■'^     - 


4sa.    Tbe  wbola 
eliable  guid<  -    ' 


tot  by  ihowlng  the  dtnol « 
prwieded  to  l£e  «tudy  of  di» 


Airir^  /oanwl,  Jnne  1, 18)3. 


£VRN:ETT,  CHARLES  B.,  A.  M.,  M.  D., 

Pni/Boor  o/  OiBlogy  m  IA<  Philmlrlphia  Pot<fctiiiic ;  Praidmt  of  tlu  Ajturiam  Otologicat  Saiitty. 
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In  preparing  a  second  editiou  of  his  book,  the  author  has  ',beeD  fullj  aware  of  the 
-eathiisiadtic  nnd  meritorioiui  work  done  in  this  specialty  in  late  yeam,  A  thorough  search 
has  heen  made  into  the  literature  of  Otology,  and  the  work  is  now  put  forth  as  a  oaniplete 
and  satisfiictoiT  guide  for  students  and  practitioners  in  mastering  this  confessedlT  difficult 
branch  of  mediiil  science. 
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A  Uanual  of  Dental  8urg6i7  and  Pathology.    Thoroughl;  revised  aixt 
■dapted  to  the  use  of  American  Students,  by  TboiiUS  C.  Stbllivaoeh,  M.  A^  U.  D, 
I>.  D.  S.,  Pmf.  of  Physiology  at  the  Philadelphia  Dental  College.     In  one  hanilMime  ocum 
Yohime  of  412  pages,  with  331  illuatrations.    Goth,  (3.2S. 
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numerous  engnivingii.     In  one  lotge  and  handsome  octavo  volume.     Preparing. 

MORRIS,  HENRY,  M.  B.,  fTr.  C.  8.. 

dHJ-jfon  to  and  LcctuTer  nn  Surgery  at  Middluex  Botpitai,  Lontkm. 

Surgical   Diseases  of  the  Kidney.     In  one  12mo.  volume. 
Sbpuw  of  Cliniail  Manunia 'p\ige  5. 

LVCAS,  CLBWENT,  mTb.,  B.  S.,  F.  S.  C.  S., 

Saaior  Aaaialattt  Surgeon  ti^  Guj/'t  Uuipitrtt,  Lotidun. 
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f  CUniial  Maiiaal>,  jiage  5. 

TBOMPSOlf,  SIR  BESRY, 

Surgtm  and  Prnfaror  «/  Clinical  Surfisrn  In  (T'liVtrilfs  CW1»;b  Bm^ilal,  tondoB. 

Ijectures  on  Diseases  of  the  Urinary  Organs.    Second  Americsn  from  A* 
I  Uiird  English  edition.     In  one  8vci.  vohime  of  203  pp.,  with  25  illustnitiona.    doth,  93.3iL 

By  the  Same  Author. 
On  the  Pathology  and  Treatment  of  Stricture  of  the 

Urinary  Pistulee.     From  the  thin!   English  edition.     In 
pagen,  with  47  cuts  and  3  plates.    Clnth,  «a..MJ. 
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BUMSTEAD,  F.  J., 

M.  D.,  LL.  v., 
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A.  M.,  M.  v., 

Surjton  to  Charitu  Rotpilal,  Urn  York,  iVof.  of 

—   ,.   .,    .,-„ Venema  md  akm  Diieaim  in  Iht  l/niotriiit ^ 

Si*rgcori4,  JVfic  yorkt  etc  Vemont,  PrtB-  of  the  Am.  Doffuitologieitt  Am^i^ 

The  Fathologj^  and  Treatment  of  Venereal  Diseases,  lndiidinz  the 
remlU  of  reeeat  investigotium  upon  the  subject.  Fifth  edition,  revised  nnd  largely  re- 
written, by  Dr.  Tuylor.  In  one  large  nnd  handsome  octavo  volume  of  898  pnges  with 
139  illuslnitioiis,  and  thirteen  clironio-lithogTBpliic  ligures.  Clotli,  f4.T5 ;  leather,  (5.75 ) 
Ter;r  handtuime  half  BiiBBiB,  (16.25. 
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J.  WtuJAM  White,  M.  D.,  Lecturer  on  Venereal  Diseases  and  iJemoostrator  of  Surgetr 
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An  Atlas  of  Venereal  Diseases.  Translated  and  edited  by  Fseeuan  J.  Bttm- 
STEAC,  M.  D.  In  one  imperial  4to.  volume  of  328  pages,  double-oolumna,  with  26  plates, 
containing  about  160  figuiee,  beautifully  colored,  many  of  tliem  the  size  of  life.  Strongly 
bound  in  clotli,  517.00.    A  Bpecimen  of  the  plates  and  test  sent  by  mail,  on  receipt  of  25  da. 
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A  Practical  Treatise  on  Diseases  of  the  Skin.    For  the  use  or  Studenu  ud 

PraclilioDCre.     In  one  handaome  oclavo  volume  of  570  pages,  with  66  beautiful  aud  eUU 
«rute  iiluEtrations.    Cloth,  $4.25;  leather,  $5.25. 
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An  Emtome  of  SkiD  Diseases.  With  Formulse.  For  Students  and  Pnc- 
titioneis.  Third  edition,  reviMd  mid  ealarged.  In  one  ver;  baodsome  Ubao.  Toltmw 
of23Si»ges.    Cloth,$l.-25. 
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diaeaaea  la  alphabetical  ardor,  wbtcn  Is  the  method  'and  here  are  lie  dewrlpUon  and 

of  claaalfloaUon  adopted  In  thla  work,  becomes  a    treatment  at  hand  and  ready  for 

poaitlia  wirantiv^  to  the  atadent     The  book  Is    clou.   The  proaatil  edJtlan  haa  been  Tery  ea 

one  whloh  wa  can  atrongly  reoommend,  not  only  I  revised  and  a  number  of  new  dlat—»a   «•  ■ 

to  atudaots  but  also  to  pruetiiioners  who  require  a  I  Bcrlbed,  while  moat  of  tl  

larv  of  the   present  atate  of  I  dermal  therapeutlca  find  i , 

lAjifsdtnilJonrTial.  Julys,  1«B3.    lary  atthe  end  of  the  book  haa  bMDM 
-        -.»     ■    ^^ometothoee  [augmented.— 7%eAslviiJ  JVon.Deoambar.U 
wish  a  handy  : 

MORRIS,  3IALC0LM,  M-IT., 

Joint  LrthiTtr  on  Zfamotolouv  n(  51.  ilary't  IltupUal  MaJieiU  School,  L 

1  Diseases ;  Includ 
bid  Auatoniv  and  Treatment. 
Yolunie  of  31G  pages,  with  illi 

To  physit^ianswlio  would  like 
about  akin  diaeaaea,  so  that  w 
MDta  himself  liir  relief  they  oi 


Ooth,  $1.75. 
patient  pre-    rangemeni 


UOBtb.    The  aObcUoi 

Id  a  tarae,  luold  mana... 

taiialloa  «a  idainty  set  forth  ... 
eaay.    The  treatment  In  each 

experleoceof  themoateminen „ 

Tlaes.— anfiBnoU  Mtdieal  t/cm,  April.  I880i 

Thia  ia  emphatically  a  tearoar's  bookj  Ibr  we 
can  aafely  tay,  that  in  the  whole  range  of  medical 
Ulenture  there  la  no  book  of  a  like  soopa  which 


.    .      is  skin  are  deeorlbed 
I,  and  their  aoieial  oharao- 

M~^°auch la  the 


a  of  eipresalon  and  raatbadlaal  «> 
i  better  adapted  to  promote  •  raUoaal 
of  dermatology— a  hntneh  noafamdljr 


ticult  and  pernleitng  to  the  he| 
urlsr  af  tsidittm,  April.  UW. 


alaige  amount  of  welt-oooipUed  loflimiatln 
hla  little  book  comparea  itTocably  with  tof  .  _ 
whloh  has  emanated  from  EnglaniL  whit*  In  moay 
— '-■"  hehaaenianalpaldd  himaelr  r""  ■■-- ^'-^ 

.„  adhered  to  errara  -'  -  ' 

man.  There  ia  certainly 
^ook  whloh  will  welt  repi 
ifid  £tor^  Joar^  Blaroh,  1 


fMmlheMob- 
>f  hlaeooii 
material  to 


WlZSOy,  ERASMUS,  F.R.S. 

The  Student's  Book  of  Cutaneous  Meditiine  and  Diseases  of  tbe  SU 

In  one  hnndsome  amall  ottavo  yoliiine  of  535  pages.     Cloth,  53,50. 

HILLIER,  THOMAS,  M,  J>.,  ' 

Pl,;„kian  to  the  SIcin  Depnrlmmt  af  Univettity  VoUege,  Londm. 

XTandbook  of  Skin  DisQasoBi  fnx  ?AuA,«t\&  a'o&?TaAA)^umBn,   flirml, 
£U)  edhioa.     Iti  one  l'2ino.  volume  of  Z^Z  ¥t>.g«s,  'N\\k^\iVw..    (AqO^fLS^^^^ 


Hknby  C.  Lea's  Son  &  Co.'a  Publications — Dis,  of  WoiiieD. 


AJi  AJTERICAJf  SYSTEM  OF  GTNMCOLOGY. 

A  System  of  GynEBcology,  in  Trcatiaee  by  Varioua  Authors.  In  ti 


FOBDTPB  BARKER,  M.  D.. 
ROBERT  BATTEV,  M,  D.. 
8AMUEL  G.  BU8ET,  M.  D., 
HENDY  F.  CAMPBELL,  M.  D., 
BENJAMIN  F.  DAWBON,  M.  D.. 
WILLIAM  GOODELU  M.  p., 
HENRY  T.  GARRIGUES,  M.  D., 
BAMUEL  W.  GKOSa,  M.  D, 
JAMES  B.  HUNTER,  M.  U., 
WILLIAM  T.  HOWARD,  M,  D., 
A.  REEVES  JACKSON,  M.  D.. 
EDWARD  W.  JBNKB,  M,  I 


CHARLES  CARROLL  LEE,  M,  V.. 
WILLIAM  T.  LUSK,  M.  U,, 
MATTHEW  C.  MAUN,  M.  D., 
ROBERT  B.  MAUKY,  M.  O., 
C.  D.  FALME&,  M.  S., 
WILLLAM  M.  POLK.  M.  D., 
THADDEUa  A.  BEAUV,  M.  »., 

A.  D.  ROCKWELL,  M.  D., 
ALBERT  H.  SMITH,  M.  D, 

B.  STANSBURy  SUTTON,  A.  M„  M.  D," 
T.  OAILLARD  THOMAS,  M.  D., 
-IHARLES  8.  WARD,  M,  D., 


WILLIAM  H.  WELCH,  M.  D. 

TBOMAS,  T.  GAILLAJkn,  M.  JX, 

ProfasoT  of  Dii'niu  o]  H'owfi  >n  fA(  CoUtgt.  oj  Plajsii^nnt  and  Sargmni,  Jf.  F. 

AFractical  Treatise  on  the  Diseases  of  Women.   Fifth  edition,  thoro  „ 
revised  and  rewritten.     In  one  Lirgo  and  liandeamB  octavo  volume  of  810  piwea,  with  2_ 
iUuetrationB.     Cloth,f5.00;  leiitlier,  $6.00;  very  handsome  half  Kusua,  raiaeabandg,  $64( 
•n.»  -nrA,  whloh  follow  "  BBh  wiition"  »ro  la  .  »ioo»  one.    Ai  ■  book  of  referenco  for  th»  bm 
~  .....      „,xidlaUm 


altentloDHnadiulditioUBahleli  hare  bsen  mad?  are  '.  Sur^oal  Jburftof,  AprlPl,  li 
both  numeroiw  aad  ImporlanL     Ths   attraction       It  hai  be^n  anlaiEwl  Bn< 


wbidh  the 


^e  permanent  olii. .. 

tt]«  einniesa  aad  b^th  of  the  ollnical ' 
of  cUseMsa;  the  fertility  at  the  auth 
paDlio  monrcea  and  th«  nilnesB  wit) 
detail*  of  treUmeot  %te  dewribed;  i 
ohaimclsr  of  the  teachinE;  and  laet,  bnl  not  leait, 
tfa«  aTJdent  candor  vhlcn  porradefi  it  Wu  vould 
■lao  pattloulariu  the  (ulne^B  with  which  Iho  his- 
toiy  at  the  subject  la  Eon«  into,  which  makes  the 
book  additlonJly -"  -■ ' 


t  eon  dense! 


raiarBed___ 
mcyolopiedla 


d  cnrettillr  revised.  II  ^  I 


additlonallv  ialerosilag  and  glies  it 
k  or  lefereace.—LomPm  MeSteai  T\ 


Tuna  and  I 


manner'lii  wh^hBgch  Hubjeot'la  tTea'ied, and'toS 
honest  conTictiona  derited  tiow  probably  the 
iBTKoat  cUnli^l  experience  In  thai  ■peolattr  ofailv 
Inlhlx  oountrr,  all  aerre  tfl  commend  If  tn  Ih* 
hlgheat  terms  to  the  praotltloner.— JVaiAvab  Juur. 
0/ 3fsd.  and  Sarg.,  Jan.  laaL 
That  the  previous  editions  of  the  treatl«A  nf  Tir. 

German,  Freneh, 


loaRhe  wnrlhy  of 
^  Ittdlan  ancTSpw 


D  Infa 


Spaniali,  ia  eanngh 


aatboi 


toglTe  It  the  atamp  of  geiti 
has  made  its  way  into  the  numy  ui  v 
lu  on  gytuecglogy    Holwi  and  gynfficologlstaaasafa  galdi 
the  fact  that  thTa    No  small  number  of  additions  haie  bn.n  u.auo  w 
■  ihm^    the  present  edition  to  make  it  correspond  lo  r»- 
i  the    cent  Improieineiits  In  tieatineDI.— Pnc£|le  UeKeal 
pre-    oAd  Sjirgieai  Joumat,  Jan.  1A§1. 


..  home  11 
3  pivcUee. 


present  edition 

EDIS,  AETHUR  W.,  M.  JD.,  Land.,  F.S.  C.P.,  M.R,  C.S., 

Auiit.  ObililrU  Phusieim  la  Middlua  Botpital,  laU  Phytietim  to  Bfitlih  Lf/tna-ln  Bntpilat. 
The  Diseaaes  of  Women.     Induding  their  Futholo^,  CauEBtioD,  Symptoms, 
DisgnOHiB  and  Treatment.    A  Manual  for  Students  and  Practitioners.     Id  one  bondBome 
octavo  volume  of  576  pages,  with  148  illiutrationfi.    Qotb,  tS.OO ;  leather,  $4.00. 

~       greatest  pains  have  beoD  lakcn  with  the 


It  i*  a  pleasure  to  read  a  book  so  I 
g«od  a*  this  one.    The  fecial  quail tlen 
aoDmleDOos  are   thnronghness  in   coierinE   thi 
wbaTe  groand,  clearness  of  deseripllon  and  eon 


□nd,  clearness  of  description  an 
■umucvui'slalemeiiL  Another  nurkedfes 
the  book  is  the  attention  paid  to  the  del 
many  roloor  surgical  operations  and  prooi 

Ewchla.'Sid  SJe  of  iXwater  Injee'?™'™' 
ais  among  the  more  oommon  methods  oi 
ment,  and  yet  very  little  Is  aald  about  ti 
many  of  the  text-hooks.    The  book  Is  od( 

generikl  praetitloneni,  who  need  ■  eoncise  bi 
pletertninil  of  the  whole  subject.  Specially 
will  find  msny  useful  hlnls  in  Ita  pages.— 


of  remedlee  is  giien  for  each  morbid  condltlnii, 
the  strength,  mc3e  of  application  and  other  detallj 
being  fuity  eintaioed.  The  deMrlptlooe  ol  gyan- 
colo^cal  manlpulstlonB  and  operations  are  full, 
clear  and  practical.  Hncb  care  has  also  been  be- 
stowed on  the  parts  of  the  book  which  deal  with 
dlaKnoHle— we  note  especially  the  pages  deaUnc 
with  the  diti^renllation,  one  IWim  another,  of  the 

tlUoner  will  theiefere  find  in  this  book  the  kind 
of  knowledge  he  most  needs  In  his  daily  work,  and 
he  Rill  be  pleased  with  the  clearness  and  falnesa 
of  the  informaUon  there  gileo.— rAs  PractWlXitr, 


BARNES,  ROBERT,  M.  I>.,  F.  R.  C.  P., 

ObtUlric  Phjisidan  to  SI,  rionmi'  mipitat,  London,  ttc 

AClinical  Exposition  of  the  Medical  and  Surgical  DisenseB  of  Womei 

In  one  bundsume  ocljivo  volume,  with  niimprouB  illiiHtralionB,     New  edition.    Prep 

CHAJJWICK,  JAMES  R.]  A.  M.,  M.n. 

A  Manual  of  the  Diseases  Peculiar  to  Women.    In  one 

WEST,  CHARLES,  M.  D. 

Lectnres  on  the  Diseases  of  Women.    Third  Aniericsn  from  the  thiid  it 
^fn  edition.     In  one  oi:tavo  volume  of  US  pages.    Cloth,  ?3.75  \  kattm^ftUS 


'       x:ji 


HauBT  C.  Lea's  Sok  &  Co.'s  PcBLioATioNa — Die.  ofWomen,  BDdi 


ft/u.  I 


EMMI^T,  THOMAS  ADDIS,  M.  D.,  LL.  D., 

The  Frinciples  and  Practice  of  Gynsecology ;  For  the  use  of  Student*  d 
Prectilionera  of  Medicine.  New  (third)  udil.ion,  ihoroughly  revised.  In  one  Inrge  aJid*f 
tandsome  octavo  volume  of  about  904  pages,  with  about  150  illustrationa.     Shottig, 

A  few  notices  of  the  previous  edilion  are  appended : 

No  gynncologlcfti  (reallae  hu  appured  ffhioh  I  celred  niDre   ittentloD    Uisd  In  America.    U  il^ 

eoDUlDB  an  equal  unauni  of  oHglnsJ  uid  useful    then,  witli  a  fueling  of  pleuure  (iiattte  weleomaa 

matUt;  nor  does  tlie  medloo!  andsureical  hlslory    work  oa  dlseaHs  of  womea  rroia  ra  eminaat  a 

Tha  labular  and  BlatlsUnal  iDformatloa  which  It    EMy  oHnlcal,  and  ie»e«  a  BtrODg  ImpraH  of  ■))« 

. ■___  ■-— -  In  qusnliljandaoon.    autlior'iindiTidualin.    TooritiofiB.  with  thaoaM 

M  Ulan  Iniaiuable  Co  |  it  merits,  the  book  throughout,  woold  demand  te 


j  reHiilDgbutpnirouad  atud;.  lt«  value 


K  with  origlaa 


aa   a  coutrlbatlon    Co  gynscolog;   is,    jwrhapa,    Ifioaa^  freeh  and  Taluabla  mBtbodAof  pnKtio^aod 

greater  than  that  of  all  previoiis  luamlure  on  tbe  I  Is  written  In  a  oleai  and  elegant  style,  woitbr  of 

■ubjeot  coniblned.'-aiMOD  3fsl  Oat.,  Aaril  6,'m.  i  IhellCeraiTreputslionortheoountry  of  LoDgfeAoi* 

In  no  country  of  the  world  has  syiiiiKo\i>gy  re.  I  ana  Q  V),  Hofn.a.-HniUhXtd.  A<ir..  Feb.  31,'M. 

WNCAN,  J.  MATTHEWS,  M.D.,  XX.  D.,  F.  R.  8.  E., 

Clinical  Lectures  on  the  Diseases  of  Women ;  Delivered  in  Saint  ] 
thotoEuew'a  Hospital,     In  one  haudiw>me  octavo  volume  of  ITo  pages.     Cloth,  91'^- 

ny  worthy  of  their  author;    Btamo  otlndivldiialltyUiat,  If  widely  read,  w 


Isdeei  we  look  upoD 

natte  mofgraatlotArei 
Some  of  tliem  deal  ¥■'■ 
rule,  adequaUly  has 
of  them,  while  Wri 


.    They  are  all  upon 

Soeial  piactitloa«r. 
that  are  not,  as  a 
handled  la  the  Wit-boaki;  oihers 
toploB  that  are  usually 


englh  in 


ly  deeerve  lo  bo,  they  oa 

— e  restraint  upon  tha  ondue  a^eraeB 

JoHTnal,  Haroli,  1880, 


GU8SEROW,  A.,  ^ 

ft-D/iunr 0/ Jfidm/cTv  imd  tiki  Otttatttof  ChUJrm  al  t\t  Vtiivenilf; of  SttUit. 

A  Practical  Treatise  on  Uterine  Tumors.  Specially  reriaed  hj  the  Author, 
and  UsQslated  with  notra  and  additions  bj-  Edmund  C.  Wendt,  M.  D,,  PathologiK  to  tha 
St.  FraneiB  Hoepital,  N.  Y.,  etc.,  and  revised  by  Nathan  BoztMAN,  M.  D.,8uTg«ini  to  "-' 
WoiDon's  Hoapital  of  the  Stateof  New  York.  In  one  handsome  octavo  volume,  with  d 
40  UluBtrations.     Preparing. 


HODGE,  HUGH  L.,  M.  D., 

EuiBr\lut  ProfaKnr  of  Obtlttria.  etc.,  in  (Al  Vntrrrtily  of  PerBuylvaitia. 

On  Diseasea  Feouliar  to  Women;  Includiag  Displacements  of  the  Ut«nu. 

Second  edition,  revised  and  enlarged.  In  one  beautifully  printed  octavo  volume  of  519 
pntsea,  with  original  illueirattons.    Clotli,  %\.M. 

By  the  Same  Author. 

.  The  Principles  and  Practice  of  Obstetrics.    Illustrated  with  laige  litho- 

If  hie  platea  containing  159  figiirta  from  oripnal  photographs,  and  with  numerous  wood- 

le.     In   one  large  quarto  volume  of  542  double-columned  pa^es.    Strongly  hound  in 

doth,  $14.00, 

*  *  *  Specimens  of  the  plates  and  leltcr-preas  will  be  forwarded  to  any  addreai^  free  bj 
n  receipt  of  six  cents  in  postage  Btnm]>s. 

TAMNIER,    S.,   and    CHA2fTREUIL,    G.  ^ 

A  Treatise  on  the  Art  of  Obstetrics.     Tmn^lnted  from  the  French.    ^^M 

Iwo  large  ucluvo  volumes,  richly  illuslrateii.  ^^M 

RAMSBOTHAM,  FRANCIS  H.,  M.  D. 

The  Principles  aad  Practice  of  Obstetric  Medicine  and  Sxirgery: 

In  rpferenoe  lolheProfesiof  Parturition.  A  new  and  enlarged  edition,  thoroughly  reviaed 
by  llie  Author.  With  additions  by  W.  V.  Keating.  M,  D.,  Profweor  of  Obstetrics,  etc. 
in  tbe  Jefferson  Medical  College  of  Philadelphia.  In  one  lai^  and  handsome  imperial 
oolAVo  volume  of  640  page^  with  64  full-page  plates  and  43  woodcuts  in  llis  text,  oonlatn- 
ing  in  all  nearly  200  beautiful  figures.    Strongly  bound  in  leather,  with  raised  bands,  (7. 


ASBWELL'S  PRACTICAL  TREATISE  UN  THS        AND  OTHER  DISEASES  PECULIAR  TO  WO- 

DISEASLS    PECULIAR   TO    WUMEN.     Third        MEN.    In  Dne«To.Tol.  of  «M  pagee.   OldFtll. IttML 

AmerlCBO_from  the  third  and  re.l«d  t^^ndoa    MEIGS  ON  THE  KATURB.  SIONS  AND  TaSAT- 

ia8va.ToL,pp.  930.    Cloth.  p«i.     1      MENT  OF  CB1U)B1EDF£VB&,    In  OB*  n 

^PUERPERAL  FEVEB        volume  of  Ha|)i|«u^~"-  "~~ 


[BHKY  C.  Lea'8  Son  &  Co.'s  PnaLioATiONa — Midwifery. 


fXATFAJR.  W.  S.,  31.  J>.,  F.  B.  C.  P.. 

ir  of  Obilrlnr  llflinat  in  Ktng'i  OaHest,  London,  tic 

A  Treatise  on  the  Science  and  Practice  of  Midwifery.    Third  Amerii 
eSition,  revised  by  Ibe  Author.     Edited,  with  additiona,  by  Robebt  P.  Habrb^ 
Id  one  handsome  octavo  Tolnme  of  650  y^gee,  with  183  illuatnitioDA.    t'loth,  (4 ;  li 
$5 ;  hair  RoBsia,  (5.60. 


] 


—TH  A 


mlnbly  kirtnged,  uid  The  flewH  Biite 
ba  fbUDil  enwDtltfly  modern,  and  ihe  i 
prmed   lnntwortfir.     Tho   work  »b. 

K'lta^   IKustnUlag  t»r; 

AosutuiM  to  the  gtudu 
^eal  Jtiv/ntaL,  Harob,  IBW. 

If  Inquind  of  br  a  mtdioal  alndrnt  •! 
«n  obitetrlea  we  should  recomineDd  for 
^aaVimzi,  we  wonld  andoabledlv  •drlu 

ohoom  PlarfWT-s.    •'  '-  -' ■ — 

what  In  ofohlr"- 
T«r1oim  Butijoci 
dlMUBsloaa  an 
rata  to  render 

KING,  A.  £".  A.,  M.  J>. 

Profttnr  of  Obttitria  and  IXMBXia  af  Womm  m  On  MaHeat  Dtparlmml  of  the  CbbtMMnn  V* 
itly,  Waihauilon,  D.  V.,  and  in  titt  UMvariitg  of  Vmnont,  €te. 

A  Manual  of  Obstetrios.    New  edition.    In  one  very  banisooxe  ISmo.  volume 
'  ""1  pagea,  with  59  iUufltralion*.     Cloth,  12.00.    Jutl  rtady. 

.a  Kr»t  demaud  by  tbcm. 


la  DonolH  and  plalD.    While  the 


.v««,  Jui..'\B8a 

It  certainly  I«  an  admirable  eipnaltic 
■olen»  and  pradtloo  of  midwifery.  Of  e 
addition!  made  by  the  Amerleao  edller, 

■ladiouB  rflneai 
of  abatetrltw  ai 


U«IU& 


n  or  great 

The  third  tdHlon— ao  »oon  following  the  lecoad— 
BbowBthattheaoodqaaJHleaofthe  book  have  beae 
reeofniaod  by  ibe  profeaelon.  Theseoood  Amerl- 
ean  has  been  Bihauated  before  tbe  aeoond  Ensllab 
edltton,  and  thia  to  thecetore  eepeelally  prepand 
and  rerlEied  by  the  aotlior  Ibr  tbfe  oaUDU? ;  a  Iket 
which  ooghe  to  ba  wtlabotory  aa  to  the  prohanloo 
here  being  tumlahed  with  the  latest  work  apon  all 

ncH,  Aprl"  IB80. 


'•rl 


't  paragraphe  and  by  a  cc 


«e!l  ll 


iBltIo 


I,  yet  It  01 


•dIUoD  In  •  Uitle  over  a  vear 
wall  Ibr  Its  popularity.— Jmn-i 
MaHeai  Stimta.  April,  MM. 


d  by  medical  H 


1  ready  to  practice  obetetnce  eufflaleoUy  elahonued  to  ^re  a  full  and 
e  demand  for  tbe  aorreot  Idea  of  there.  The  general  practitioner 
BihauHt  (he  finl  will  alio  Bnd  It  very  UHfal  iSr  refarenoe,  for  the 
ud  a  half  epeaka  purpoae  of  reft^sblaa  Ibe  mind  *" 
m  Jintnal  of  IS,  dently  aasert  that  It  will  ba  fonn. 
nlaaa  (ail-book  upoo  obaWtrlce 
Itaued  from  (ha  presi.— Ctneinno 
I  March,  IBM. 


>e  highly  I  1 


PABVLN,  THEOPMILUS,  M.  !>.,  LL.  J>., 

fYofamr  of  ObtUlna  und  llii  Ihttaiit  of  Women  md  ChiUrm  m  ilw  Jtfenon  MtdUtU  CMI<v*. 
A  Treatise  on  Midwifery.     In  one  vei;  handaome  octavo  volume  of  atiout  560 

with  numeroim  illmtralione.     /»  prat. 


^^AJ 
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anaaefbrietly  Iheoamparatiie  uiatomy  of  thepel-  ,  m>d»  nucli  alleratlmis  aii  th< 
Tti  aod  the  mobillQ-  of  the  pelvic  articulaUD 
Vh^    moond   chapter   fs   d«vnted    vBpvcIally 
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The  fltroduie  and  devetopTnent  < 
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the  varioua  subJeeW  emliraoBd  In  t 
witerj.    The  deneriptl ODD  through 

Elaln  and  pleaaloK-    It  is  aanciBn 


«furk,B' 


mill 


adtntre  the  al—.^  

performod.  We  eoDKlder  II  an  admirahlB  text- 
book  (tor  stadeals  during  their  att#Ddatie«  (ipoa 
Jectiire«,  and  have  great  pieuure  in  recommend 
log  it.  As  an  exponent  of  (he  midwifery  at  the 
present  day  it  hofl  no  aaperlor  in  the  BngliBh  lan- 
guage.—Qtuoda  Ijonctt,  Jna.  lesp. 
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a  be  raeujEnlied  ae  a  irork 
le  work  Sin--  ••"  '-  •- 
jlly  TBComiiii 
L,  Har«h,  IBM. 


smitb:,  j.  lewis,  m.  n., 

CKnieol  JVo/smw  of  Dutaata  of  ChOdrin  in  Ihe  Bctltiin  Boiptlal  JUaUcal  CoHega,  .V.  I'. 

A  Complete  Practical  TreatiBB  on  the  DiHca^ea  of  Cbildren.    Fifth 

edition,  tborouglilj  reyi»eil  and  rewritten.     In  one  hiindaome  octavo  voluint;  of  S36  pagM, 
with  illtiBtnition&    Cloth,  (1.50;  Ie!itliar,$6.50;  verf  handsome  half  BuEHia,raijedbiuidB,$6. 


h  we  hi 
,__!action  c 
«l(ult«d  It,  either  as 


t  lias  given  ai 
=,„.,  ^^~.,^^  -^  which  we  havt 
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I  Ita  fifth  edition  and  in  iu  present  form 
is  a  vary  adequate  renreeetilatlon  of  the  sattjeot  it 
traateoT  aaatprasent  understood.  Theimportant 
raUeat  of  in&nt  hygiene  is  lUlly  de^t  with  in  tlie 
■ar^  portion  of  thebook.  The  greet  bulk  of  the 
work  ia  appioprlalely  devoted  lo  the  dlseaeea  ot 
Infancy  and  childhood.      We  would  recommend 
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There  Is  no  book  published  oh  the  eufajeola  of 
■bioh  this  one  treats  (hat  is  Ita  equal  in  nliw  lo 
the  physician.  While  he  has  said  )iut  eaongh  t« 
Impart  the  loronDBtlon  desired  by  general  piBcO- 
lioners  on  such  questions  as  etiology,  nUholon, 

KoguoalB,  etc,  be  hae  dereled  more  anenllOD  le 
e  dlagnoais  and  treatment  of  the  allmeoMwhlob 
he  Boaocuralely  describees  and ancli  infbrmaUas 
Is  exactly  what  Is  wanted  by  the  vast  m^orft*  of 
"  family  physicians."—  Va.  itad.  MoittMs^fii.  JMt. 
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meosely,forils»veB  thellmehelBconBtaatiygiv-    •-'• 

lag  his  patlenta  Id  instructing  them  on  Ihe  sub- 
JectI  here  dwelt  upon  so  thoroughly  and  prao- 
Heally.  Dr.  Keating  has  written  a  practical  book, 
has  oarefully  avoided  lutueoessary  repetition,  aod 
fQOoeesruIiy  Inetructed  the  mother  In  such  details 
Of  the  treatment  of  heroblldas  devolve  upon  her. 
Be  has  atudloaaiy  omitted  giving  pre«riptions, 
and  Instructs  the  mother  when  to  call  upon  the 
dootor.  as  his  dutjea  are  totally  disCiuct  from  hers. 
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at  a  bath,  about  the  perambulalor  Mrvui  the  aorsas* 
arma,  and  on  many  other  lul^eets  ooneentlna 
ffhlcii  the  critic  might  tay,  "surely  tbla  Is  obvC 
oua."  but  which  experience  l«aoluisD9  anexBOtlT 
the  Chinga  needed  to  be  intisted  apmt.  with  the  rtali 
aswellas  thepoor.— XofkdmXones^JaDuary.IBUtt 
A  book  small  Iniiie.  written  in  pleasant  style.  In 
laaguage  which  can  b«  reedily  understood  by  any 
motner,  and  omlnentEy  praaucal  and  safti  lo  fee) 
a  book  tor  which  we  have  been  waiting  a  long 
time,  and  which  we  can  moat  heartily  reconuaanS 
this  mib>flot.— J      "  ^ 
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A  Manual  of  HedicalJurispmdence.    Eighth  Amsricanlrom  the  tenth  IiOUif 

don  edition,  thoroughly  revised  anil  rewritten.  Edited  by  John  J.Reese,  M.  D.,  Profea 
of  Medical  Juriaprudence  and  Toxicology  in  the  UniverBity  of  Pennsylvania.  In  a 
Urge  octavo  volume  of  937  pages,  with  70  liliutrations.  Cloth,  $5,00 ;  leather,  $6.00 ;  hi 
Kuaaia,  raised  bands,  $6.o0. 

The  Atnerican  edltinnn  of  this  ataDdird  manual  i  only  hue  to  seek  for  laudntory  termii.—Anuriemt  J 
haie  for  along  time  laid  claim  u  the  MtenUoa  of  |  Jimmal  af  tlu  Xtdlmi  Sc  '       -  — 


MB  uiinDiKiiiiii  lu  inlB  oouoirr;  and  the  eicJith 
«oaies  before  us  aa  embodylnK  tjia  lateat  thouKhu 
•nd  mneDdMionii  of  Dr.  Tiylar  upon  tha  gumect 
to  which  be  devotad  his  lift  with  an  usldulty  and 
■ooous  wfatoh  made  him /oeBg  princtpi  atnonK 
XngUih  writers  on  madlcaJ  Jurisprndenoe.  Both 
the  author  and  the  book  hava  made  e  mark  Coo 
deep  to  be  sifeeled  by  criticism,  nhethor  It  be 
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work  hubeeo  tlie  eUindardan- 
'  for  thlny-saien  yein, 
FLU  lu  ciiKuiiiu  aiiunuicfica,  In  both  Ihenrotat- 
jns  which  it  ooncenut,  and  It  la  Imprnbabia  that 
will  be  aiiparaedeil  lu  many  years,    Tha  work  la 
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1   erery  UberHlly-educated   lawyer,  and  wa 
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«n!B^  or  mas*.    Thl>  editinu  only  asBcrta  with  i 

Taylor's  Vfotk  to  the  first  position  among  English  I  —rita  York  M 
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dcDca.  ,   ,    lD"SupflrBtlfionandForae"weha7ea 
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Studies  in  Church  History.    The  Rise  of  the  Temporal  Bower— Ben- 
efit of  Clergy — Excommum cation.     New  edition.     In  one  very  liandsome  royal 
-  ■     -      ■      le  of  605  pngca.    Clolli,  (2,-'iO.     Jimt  ready. 


The  author  Is  pre-eminently  _ _.. 

op  •vety  topic  allied  v  lib  the  leading  theme,  and 
tnoM  li  out  lo  the  mlnuleet  detail  with  a  wealth 
imputJaU^  of  treatmanl  thai 
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of  the  papacy,  for  InBtaoce.  are  admirable  lor  ac 
oiaeneaa  and   freedom    '-— ~         "    *■  "    ■ 

Travtiitr,  Mair  3.  UIB, 


1    prejudli 


American  Sjmtem  or  n'ocLlcal  ued 
•Asbbnnl's  8ii  rgery 
AshHBlKmlHHUUDfWauuia      . 
AttfleM'a  ChemUtr;     . 

Bulow'a  PTBOIln  M*  Medicine 

emoroba 
D  Eleclrli 


Barnoi'  Bymem  oTObaWtrlc . 

BarUiolow  OD  Blei"-'-"- 

Bell's  CommivtivF  nTydiiiDg;  uDd  AaMDmy 

Bellmny's  Oparallvf  Surgerj' 

Bellamr'n  finntcal  Anfttomr 

Blonafurd  on  InBanHy 

BJoiiiin>  thfmUlrr 


MSi, : 


•Hryftnl'B  Pmcilco  of  anresfj- 
*fiDiDateed  va  VfuarAi  TMseaMA   . 


Oenmrr  orAiDertnn  £ 

Cliedwlck  on  DIbckk*  i 

CtiarlH'  PbFiMoloclcsl  •ml  I'Kiliologtciil  CheoL 
Clsrlieiinil  lajcfcwoiid'B  IHioclora'  Man  ii'nl 


C(»u~rBUioiogy  .... 

Oobeo  an  ihc  Tljroal    .... 
Oo]*Bi»D'>  DenuJ  SurecIT     . 

Sodlg  on  Mkucb  of  niflilreD 
oper"!  Leamrta  on  Surccir 
OwTill  on  SvpliUll         .... 
•OlirnU  Kna  BuiTler'g  I^UbolMlciLl  Hlstotogr 
Qiilterlec'*  AUU  ol  Venereal  lAiKiiHS 
CujiKnT'i  Medical  An&tomy 
Datton  on  tbB  Orcnlulon 

Dullnil'H  Tuiiagraphlr&l  Anaunnj'  aftbeBnln 
DavlB't'lliik'BrLwturai  . 

ssis?       ' 


*Eii<:iiBeD'B  bybieat^R^iraay        < 
£;amBrcti'>  Euly  Aid  In  I^uAn  and  Accldla 
FurquliaTBon'fl  TbenipeuLIca  and  MaL  Mod- 


FlnlayaoD'f 


BlDlocnoalB 


Flint  on  Pbynlcal  Einlontlon  of  tlie : 
mm  on  ItoeplriLUjry  DrgaoB 

Hint's  £kuyi      ..'.'. 
PolBom'B  lAWjf  or  U.S. on  OuBtodyof 
Fo«ler'B  pnyBlologT 
•FutberElll't  HandboDk  of  Treatmeni 
lentary  Cbemlslry     . 

and  a1?Pw 


Foil  on  D 


f'K  OrtboiMWUc  Bargeiy 
I's  Surgery 


Orieilb'n  Dnlvenal  Fcrmutaiy 
aronoD  Foreign  BodiM  In  Air-Paw 
OroM  on  roipotuDTp  nnd  aierllltr    . 


Id  SiBlocaUon 
rtPbjBliil 
.  ..flhe^ed 


Medical  MdIH  and'  BeOKtioEia 
-j.^™.™.  Symem  of  Surserr 
SiHiieT'g  Anaiom)'  and  Hliitalogr 

HutrlilnsoD  anfirpl^lla         '■ 


Mil  on  llie  Rye.  OrWt  nod  Erelld      . 
iRludimn?LinfTbHL8iotT     . 


rlncl  pica  of  SurgBry 


Peuptr'B  Surgical  Patholoe 

Plrrlfl'B  S^wm  of  Surgery 
Playlklr  on  Nerve  ProalraU 


^n^r-BUlM^ 


,  Including  Hyaierlj 


Mlpr  ontJioTbroal,Ka8ei 
Series  iircilnlcal  Manuals 

^Ekey'BOperanTBSursery 
iladeonlMpbtbeila     . 


*SiD)t)i  IJ.  L«*li<i  on  ClilldreD 

•Slllie  ft  MalBCb-a  national  DlBp«ualary 

•HUIU's  -rtaerepeallo  and  MaKri*  Uedica 


BturK«*  Clinical  Medicine 

Tauaer  on  iUsiu  and  Dlicai — „ 

Tanner's  Manual  ofCllnleal  Medlclni 

Taniler  and  caiaDCnoU'i  OMMOia 

THylor  on  Poison* 

•TBTloi's  Medlcsl  JnrlspnidaBee   . 

Taylur'B  PHn.  and  Pncof  MhL  Juri«pnideiioe 

■Tbomai  on  UlHaBM  orwomm     . 

ThompBOD  on  Urinary  OrBana 
Tto"sLwlMedlclne. 

IS  I  TVeveB'  Ainilled  Anattuuy 

11  ;  Treves  on  bitesUnal  ObRmcUoD    . 

-  onlbelnlluenceofMliulonllieBMIr 


ircuianeouf  Mnllclni 
WlnckH  oD^^tud. andTnaimeni atOiUdbMi 
wablp-t'B  Organic  Chemlatir 
Wchidbury'flPracilceof  M«J< 
Wood  brad 'B  PtacUca]  PalboU 
*  are  also  bound  in  hnlf  Russia. 
HENRT  C.    LEA'S  BOIT  &~(JO..   Philadelphia. 


P531  Charles,  T.C. 

C477  Elements  of  physiologi 

1884  cal..cheml6try  4369 


NAME 


DATE  DUE 


( 


.T  r:..-t. 


